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Here’s an interesting job that’s gone “‘push button” —stamping heat 
numbers on hot steel! Now, from a remote console, the operator auto- 
matically sets numbers on the marking head and propels it against the 
steel. The controls, of course, are Allen-Bradley because they provide 
the continuous reliability that is essential to this production. 

The simple, ONE moving part solenoid design of A-B starters and 
relays assures millions of trouble free operations. And the double 
break, silver contacts—used on all A-B control—eliminate costly 
downtime for maintenance. Keep your production lines rolling... 
insist on Allen-Bradley quality motor control. You cannot do better! 


Allen-Bradley Co., 1301 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN -BRADLEY 


Member of NEMA 


Quality Motor Control 
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remote contro! console of this M. E. Cun- 


ningham Marking Machine are all stand- 
ard Allen-Bradley catalog items. 
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A Salute to the American Institute of Electrical Engineers R. M. Blough 


The Institute and Philadelphia: 1884 L. F. Hickernell 


An historical reView of the events that formed the background for the first 
technical meeting of the Institute 75 years ago in Philadelphia 


Peripheral Professional Problems of Engineering Management C. F. Savage 


Because the engineering manager is responsible for assuring optimum utiliza- 
tion of all facilities, his attention must be directed to many areas 


Vickers Vanguard Electrics Harry Zeffert 


The electric system of the British Vickers Vanguard, new turbo-prop airliner 
now being flight-tested for service in 1960 


improved Standardization Procedure as Developed for Lightning Arresters G. F. Lincks 


A en. by A Future A new standardization procedure that will keep one American Standard on 
Lightning Arresters continuously up-to-date 


Solar-Powered Thermoelectric Generator Design Considerations 
N. F. Schuh, R. J. Tallent 


A description of some of the problems that will be encountered in a solar- 
powered thermoelectric generator for space vehicles 


The Design and Manufacture of Direct Burial Wire J. L. Robb, W. L. Roberts 


In areas where high-speed wire plows can be used, direct burial wire com- 
pares favorably in cost with open wire construction 


Linear-Phase Transistor Amplifier Peter Hirsch 


Theoretical background and experimental techniques involved in the design 
of a linear-phase transistor amplifier are outlined 


The Effect of Elevated Temperature on Flash-Welded Aluminum-Copper Joints 
C. R. Dixon, F. G. Nelson 


Techniques to improve the quality of flash-welded joints between aluminum 
and copper have been so successful, they can now be made commercially 


Utilities Radio Regulation and Technical Advances J. C. Slothower 


Interrelationships between governmental regulatory bodies and advisory com- 
mittees formed by groups of radio users are discussed 


A New Electrical Research Laboratory F. E, Andrews, Alex Vitkus 


his laboratory is for the development and engineering of electrical and line 


construction products for transmission and distribution systems 
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One of a series 


The revealing face of an iron crystal 


A single crystal is an ideal system for studying the solid state. 

Physicists at the General Motors Research Laboratories have turned to 
whisker-like growths of nearly perfect single iron crystals 

to investigate three intriguing phenomena: magnetic domains, dislocation 


defects, and—more recently—high temperature oxidation. 


In this latest study, the two crystallographically different surfaces 

found on iron whiskers are being used to examine the anisotropy 

or axial-dependent nature of the oxidation process. 

In early stages of oxidation, the oxide patterns that form on clean surfaces 
have been found to be strongly dependent upon the orientation 

of the underlying crystal. In later stages of oxidation, tiny oxide 

“cilia” actually grow on the surface of the iron whisker. 

But these new whiskery forms of oxidation are no longer related to 

the crystal’s surface arrangement. The next step in this program 

involves correlating the oxidation behavior with lattice structure defects 


such as vacancies and dislocations. 


This type of solid state research is revealing 

the atomic processes underlying strength, magnetic characteristics, 
and corrosion resistance of metals. At GM Research, 

we believe the solution to practical problems is increasingly dependent 
on fundamental information such as this. And each solution 


enables us to continue to provide ‘More and better things for more people.” 


GENERAL MOTORS RESEARCH LABORATORIES 


Early Oxidation Oxide Whiskers Reduction of Oxide Products 
(750 x) @2,000x) (2500 x) 
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Lord Kelvin: 


First, the pure theory—applied without 
delay to practical inventions: this was the 
tenor of Lord Kelvin’s outstanding work. 

Following his “Law of Squares’’ in 
1853 he perfected the curb transmitter, 
which overcame the retardation of signals 
in long-distance cables. 

From Lord Kelvin’s theory plus prac- 
tice, more than a century ago, stem 
today’s advances in communications. 


For over a century, Kerite theory and 
practice has proved that Kerite is the 
most lasting cable known. More than 
three generations of Kerite craftsmen 
have given of their inherited skill to 
assure the long life and service of Kerite 
Cable. The Kerite Cable Company takes 
pride in the fact that their product is 
chosen by buyers of integrity to safe- 
guard installations around the world. 


The value and service life of a product can be no greater than the integrity and craftsmanship of its maker. 


KERITE CABLE 


to the KERITE That makes The aliferene: 
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G-E Vac-u-Sel Rectifier 
with Improved Cup Washer Design 
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Typical Miniature Vac-u-Sel Embedded Vac-u-Sel Rectifiers 
Rectifiers 
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Oil-immersed Vac-u-Sel Rectifiers 
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Selenium Rectifiers 


Unique “Vac-u-Sel™ process provides 


uniform precision performance 


VAC-U-SEL PROCESS. The Vac-u-Sel Rectifier is pro- 
duced by a unique spherical evaporation process 
pioneered in the United States by General Electric. 
It consists of evaporating selenium onto a specially 
prepared back plate of aluminum within a controlled 
vacuum atmosphere. 

Spherical vacuum evaporation makes it possible to 
control closely the thickness of selenium layers and 
further purifies the selenium. Better crystal orientation 
is obtained, as well as greater uniformity of all cells. 
The result is longer life—even at operating ambients as 
high as 130°C and higher-than-normal rated currents. 


IMPROVED CUP WASHER DESIGN. This new im- 
proved current collector ring and spacer is now avail- 
able with all larger size cells from three inches 
diameter and up. It greatly improves performance in 
stacks using these higher current cells: 

1. Lower operating temperature by collecting the cur- 
rent from the surface of the cell away from the 
stud. 

2. Lower forward drop by reducing contact resistance 
with broad area contact. 

3. Increased surge ratings due to better current col- 
lection. 

WIDE RANGE OF CELL SIZES AND VOLTAGE 

RATINGS. You can select the cell that will meet your 

requirements best from ten different sizes from the 

tiniest 5/32” diameter miniature cell to the largest 
5x6” plate. Sizes up to 2” square are available in 


Tube-Mounted Vac-u-Sel Rectifiers 


voltage ratings from 18 to 45 volts RMS. The larger 
plates with the new improved cup washer are available 
in ratings from 18 to 36 volts. 


STACKS DESIGNED TO YOUR EXACT SPECIFICA- 
TIONS. The cells you need for your circuit can be 
mounted in a special stack to meet your most exacting 
requirements at no extra cost. Stud, tube and eyelet 
mountings are available. 


FINISHES FOR TOUGH ENVIRONMENTAL USES. 
Vac-u-Sel Rectifier Stacks are supplied in three basic 
finishes: standard commercial, heavy duty and mili- 
tary. In addition oil immersed or embedded stacks are 
available for special environmental conditions. 


Predictable life means lower cost 


Vac-u-Sel Rectifiers last up to 80,000 hours or more, 
but where shorter life will suffice, a smaller, less ex- 
pensive stack can be supplied. Because the Vac-u-Sel 
process produces a precision product, output and life 
characteristics can be accurately predicted. This means 
your exact life needs can be met at lower cost. 

Write for free booklet ECG-344, Designing with C-E 
Vac-u-Sel Component Rectifiers, General Electric Com- 
pany, Semiconductor Products Dept., Section S18129, 
Electronics Park, Syracuse, New York. For other in- 
formation on industry's most complete lire of selenium 
rectifiers, contact your G-E Semiconductor Product 
Sales Office. 


*Reg. Trade-mark of General Electric Company 





Standard Stud-Mounted Vac-u-Sel 


Rectifiers 
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Campus scene—Tulane Universily 











New main substation consists of two G&W Uniclad units. The large 
unit is the power center which houses a 15 kv, 400 ampere sectionaliz- 
ing load break oil switch and eight three-phase power fuse taps. Facing 
it at left is the metering unit which houses a 15 kv, 400 ampere dual 
feeder load break oil switch and metering compartment. 
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Please send me your folder on the Tulane 
University installation. 


a 


| 
| 


; 


Position____ 
stag FREE FOLDER tells how Tulane 
achieved flexibility and economy in its new 
electrical distribution system. Contains in- 
formative data for future reference. 


SEND FOR IT TODAY! 


Company 


| 


- i Address___ 


City 


Ll 





Contributing to this project were G&W representa- 
tive, W. P. Dillon; Director of Physical Plant 
Maintenance at Tulane, G. Johnson; consultants 
were W. King and R. C. Morgan IV of Design 
Engineers and Associates; I. Isaacson, Jr. of 
Weil and Moses; A. Pincus of Mario Zervigon 
and Associates and Joseph E. Leininger and 
Associates. The electrical contractors were Lindsey 
and Morgan, Gibson and Odom, Busy Electric, 
and Nola Electric. 


G&W “RAL” sectionalizing switch installed in trans- 
former vault. feeders go to the switch to serve the load 
transformer. Feeders, switch, or load can be isolated with- 
out affecting the remainder of system. Shown are William 
King, design engineer (left), and George Johnson, Di- 
rector of Physical Plant Maintenance, Tulane. 


MEANS OF EXPANDING 


an underground distribution system 


When Tulane University’s rapid growth created a need 
for expanding the existing 2400 volt electrical distribution 
system to a 13,800 volt loop system, G&W equipment 
scored a new high for flexibility, economy and depend- 
ability. 


Versatile G&W equipment provides a simple, compara- 
tively low-cost means of isolating load and circuit faults in 
any part of the system to avoid excessive outages. 


G&W switches, fuse cutouts and Uniclads (metalclad 
switchgear) offer worthwhile savings. Made of standard- 
ized components, they are engineered to meet the exact 
requirements of the job. Assembly is simplified. Result: 
unexcelled distribution system economy! 


G&W equipment offers many other significant advantages. 
Our new Tulane University folder gives the full story ... 
be sure to send for it today. 


ELECTRIC SPECIALTY CO. 
W. 127th St., Blue Isiand, Ill. 
Canadian Mfr.-Powerlite Devices, Ltd, 
Toronto, Montreal & Vancouver 
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George Johnson of Tulane (left) and Alan Pincus, 


consulting engineer, check a G&W Load Break Oil 
Switch-Fuse Unit under the Tulane stadium. 





Controlarc DC Arc Welder 


Dings Lifting Magnet A lighter weight, more rugged unit capable 


100% produGtive use of coil space for a more of withstanding severe overloads, thanks to 


powerful, lighter weight magnet, designed Reynolds Anodized Strip Conductor. 
with Reynalds Anodized Strip Conductor. 





SOME LEADING MANUFACTURERS 
AND THEIR APPLICATIONS OF 
REYNOLDS ALUMINUM STRIP CONDUCTOR 


Caledonia -Transformer 
1955 _—_— Electronic Transformer, Interleaved Sheet 


Dings Magnetic Separator 
1956 _Lift Magnets, Anodized Strip 


Vickers Electric 
1956 Transformer Welder, Anodized Strip 


: Harnischfeger 
A. O. Smith AC-DC Convertor 1957 Clutch Coils, Anodized Strip 
More performance packed into a’smailer Lincein Electri 
tn, Sei cane ; incoin Electric 
Piicetes aoe emaneal StrippConductor 1957 = Arc Welders, Interleaved Sheet 
. 4 


Good production savings. aE Jefferson Electric 
= 1958 Dry-type Transformers, Anodized Strip 

General Electric 
1958 Control Coils, Interleaved Foil 
Calidyne 
1958 Shaker Coils, Anodized Strip 
Delco Remy 
1958 = Alternator Field Coils, Interleaved Foil 
A. O. Smith 
1959 Arc Welders, Anodized Strip 
Cutler Hammer 
1959 _—_—_ Lift Magnets, Anodized Strip 
Sparton Automotive Horn Westinghouse 
Reynolds Interleaved Strip Conductor 1959 Specialty Dry-type Transformers, 
eliminated eleven parts, provides improved Interleaved Sheet 
performance, production-efficiencies. Sparton Automotive 

1959 Horn Coils, Interleaved Foil 
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ALUMINUM 
CONDUCTOR 


Reynolds 1955 development 
continues to find new uses in improving products 
and reducing costs in the electrical industry 


DECEMBER 


Four years of progress is paying important user dividends 


Introduced in 1955, Reynolds Aluminum 
Strip Conductor—anodized and interleaved 
—was hailed immediately as an excellent 
new way to solve numerous production prob- 
lems and costs associated with conventional 
wire coils. 

A pilot laboratory for winding strip coils 
was established and hundreds of varying 
sizes and types were prepared. During this 
time, Reynolds Product Development De- 
partment worked with many electrical 
equipment manufacturers. This pooling of 
talent helped hasten and expand the practi- 
cal application areas for Reynolds Aluminum 
Strip Conductor. As an example, the Utica 


Koldweld Division of Kelsey-Hayes assisted 
Reynolds in developing new tools and 
methods for the joining of the conductor. 

Year by year, new uses have been found 
for Reynolds Aluminum Strip Conductor in 
a wide variety of electrical equipment. The 
first production use was in 1955 in elec- 
tronic transformers made by the Caledonia 
Transformer Company; the most recent is 
this year’s use in new automotive horns 
made by Sparton Automotive. And over the 
years, Reynolds Aluminum Strip Conductor 
has been used in lift magnets, transformers 
and convertors. Its potential in large and 
small equipment is almost unlimited. 


Winding ease . . . insulation savings . . . improved heat transfer . . . 
reduced layer-to-layer voltages: key benefits offered by this proved product 


Reynolds Aluminum Strip Conductor elim- 
inates bulky insulations. It lessens the 
danger of burnout by offering better heat 
transfer characteristics, reduces layer-to- 
layer voltages, increases coil efficiency. In 
manufacturing, it provides exceptional 
winding ease and simple mechanical joining. 
And with its high conductivity and low 
weight, it saves both space and weight. 
These benefits, and others, add up to a 
better coil, a less expensive coil. 

Reynolds Aluminum Strip Conductor is 
available in two forms: interleaved or ano- 


The Finest Products 
Made with Aluminum 


are made with 


REYNOLDS G22 ALUMINUM 


dized. The interleaved form is furnished by 
Reynolds in coil form and can be wound 
with the customer’s choice of interleaving 
material. Anodized strip is customarily used 
in the heavier gauges in transformers, mag- 
netic clutches and brakes. Whatever the 
choice, you can depend on Reynolds, the 
acknowledged pioneer in the development 
of aluminum strip conductor. 

For more information contact your near- 
est Reynolds Sales Office or write direct 
to Reynolds Metals Company, P.O. Box 
2346-ER, Richmond 18, Virginia. 


WRITE TODAY 


for these booklets on Reynolds Anodized 


and Interleaved Strip Conductor. They 


contain information on actual applications 


joining and winding and a wire 


gauge-strip conductor computation chart. 


Watch Reynolds TV shows—“*ALL STAR GOLF”, “BOURBON STREET BEAT" and “ADVENTURES IN PARADISE” — ABC-TV 


1959 
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American Bridge 
portal towers provide 
maximum flexibility 
for testing 
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Project EHV power line to 


General Electric is now installing an electric transmis- 
sion line that will carry a higher voltage than any other 
line in the world. Known as Project EHV, for extra high 
voltage, it will be a 4.3 mile prototype power line be- 
tween Pittsfield, Massachusetts and the town of Lee. 
Project EHV will be a substantial aid to electric utilities 
in overcoming the problems and improving the reliability 
of future high voltage transmission. The line will even- 
tually become a power carrying segment of the Western 
Massachusetts Electric Company’s system at a 600 to 
750 KV voltage level. 

The project plans call for 18 towers. The first three of 
these will be large portal-type steel towers 162, 182, and 
184 feet wide and 78, 129, and 116 feet high respectively. 
They were designed by American Bridge Division of United 
States Steel to permit a wide testing range of all cable 
configurations. Accordingly, the 4.3 mile line will be split 
at the third tower and energized from the north end to 
facilitate these tests. The remaining 3.65 mile section will 
be energized from the south end. This will be carried by 





es 


carry world’s highest voltages at 460 to 750 KV 


conventional towers—nine of which will also be designed 
and fabricated by American Bridge. 

Unique pin-shoe base. An examination of the soils en- 
countered at the sites of the three portal-type towers, 
indicated that it would not be possible to design founda- 
tions having any dependable degree of base fixity against 
moments caused by rigid frame action. It was therefore 
decided to design a pinned shoe at the base of the towers 
and thus reduce the moments caused by rigid frame action 
to zero at these points. This reduces considerably the 
overturning moment on the foundations. 

High-strength steel saves weight. The stresses due to dead 
load, ice, vertical and transverse conductor loads and the 
effect of transverse wind were calculated on electronic 
equipment by the American Bridge Division. The tower 
members are structural tees with about 75% A-7 steel and 
25% USS MAN-TEN Brand High-Strength Steel. USS 
MAN-TEN Steel was used in the higher stressed members 
of the top and bottom and on the inside faces of the 
tower legs. The use of MAN-TEN reduced tower weight 


by approximately 12%. 

American Bridge, the world’s leading transmission tower 
specialist, has computed tower designs for the highest volt- 
ages likely to be used in the next decade. For recommenda- 
tions based on your requirements, write American Bridge, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. 

USS and MAN-TEN are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pennsylvania 

Contracting Offices in: Ambridge « Atlanta « Baltimore « Birmingham « Boston « Chicago 
Cincinnati ¢ Cleveland « Dallas « Denver « Detroit « Elmira Gary » Harrisburg, Pa. « 
Houston e Los Angeles e Memphis « Minneapolis e New York « Orange, Texas « Philadelphia 
e Pittsburgh « Portland, Ore. « Roanoke « St. Louis « San Francisco « Trenton « United 
States Steel Export Company, New York 





ABOUT COST-SAVING IN INVENTORIES 
OF REPLACEMENT BUSHINGS 


BUSHING.... 
PLUS ONE 
SPARE TERMINAL..7.. 


will provide complete interchangeability ... a 400-ampere 
draw-lead transformer bushing .. . a fixed-conductor 1,200-ampere 
bushing for circuit breaker or transformer use... 

for each operating voltage 69 kv and below. 


At 92 to 161 kv, one POC-A unit (with extra terminal and circuit 
breaker ring) provides for 800-ampere draw-lead service, 
1,200 or 1,600-ampere fixed-stud transformer installation or 
1,600-ampere circuit breaker use. 


At 180 and 196 kv, with only one spare terminal, the POC-A 
bushing adapts for 800-ampere draw-lead service, 1,200 
or 1,600-ampere fixed-stud transformer duty, 
or 1,600-ampere circuit breaker use. 


You can save on storage space, too. 
Lapp POC-A bushings are 
totally-enclosed, moisture-proof, 
with porcelain insulation. 
They may be stored indoors or 
outdoors indefinitely 
with complete safety. 





Lapp POC-A means ‘“Paper-Oil-Condenser- 
Adaptable.” The introduction by Lapp of totally- 
enclosed paper-oil bushings brought the reliability and 
operating security of this bushing construction to 
equipment and systems at voltage ratings 

from 15 kv up. 


Now the POC design is modified to provide 
adaptability. At each voltage rating, the basic bushing 
has a hollow thick-wall conductor; interchangeable terminals provide for draw-lead 
or fixed-conductor service for transformer or circuit breaker use. 


The new Lapp POC-A bushings conform to ASA standards (C76.1la-1958), 
and meet ASA dimensional requirements for several bushings in each voltage class. 
Also, flange adapters are available to provide for replacement of many pre-ASA bushings. 
Let us help you schedule a replacement bushirg program that will 
greatly reduce your maintenance inventory. 


Lapp Insulator Co., Inc., Le Roy, N. Y. 





SPRAGUE RELIABILITY 
in these two dependable 
wirewound resistors 



































MINIATURE 


VITREOUS-ENAMEL POWER RESISTORS 
Sprague’s new improved construction gives even 
greater reliability and higher wattage ratings to fa- 
mous Blue Jacket miniature axial lead resistors. 

A look at the small actual sizes illustrated, em- 
phasizes how ideal they are for use in miniature 
electronic equipment with either conventional wir- 
ing or printed wiring boards. 

Get complete data on these dependable minified 
resistors, write for Engineering Bulletin 7410. 
TAB-TYPE BLUE JACKETS: For industrial applica- 
tions, a wide selection of wattage ratings from 5 to 
218 watts are available in Sprague’s famous Tab- 
Type Blue Jacket close-tolerance, power-type wire- 
wound resistors. Ideal for use in radio transmitters, 
electronic and industrial equipment, etc. For com- 
plete data, send for Engineering Bulletin 7400A. 


SPRAGUE ELECTRIC COMPANY 


321 MARSHALL STREET * NORTH ADAMS, MASS. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





























NEW SMALLER SIZE 


QULCHM 


INSULATED-SHELL POWER RESISTORS 


New Koolohm construction features include welded 
leads and winding terminations—Ceron ceramic- 
insulated resistance wire, wound on special ceramic 
core—multi-layer non-inductive windings or high 
resistance value conventional windings—sealed, in- 
sulated, non-porous ceramic outer shells—aged-on- 
load to stabilize resistance value. 


You can depend upon them to carry maximum 
rated load for any given physical size. 


Send for Engineering Bulletin 7300 for complete 


SPRAGUE 
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A Salute to the 
American Institute of Electrical Engineers 


75 Years— 
A Prologue to the 


DECEMBER 1959 


When we consider the milleniums 
through which man struggled feebly, with 
firebrands, coals, and candles, to push 
back the walls of darkness, the enlightened 
years since Thomas Edison’s discoveries 
seem brief indeed. 

The electrical engineer is Edison’s heir, 
and, thanks largely to his efforts, in three 
quarters of a century we have emerged 
fully from the Age of Steam, entered 
the Age of Electronics, and now stand, 
bold and expectant, on the threshold of 
the Age of Outer Space. 

It would take volumes to recount the 
blessings that have flowed from the wed- 
ding of electricity and manufacturing. 
Electrical inventiveness has given the steel 
industry those aristocrats of metallurgy 
—electric-furnace stainless, heat resistant, 
and other alloy and tool steels; also motor- 
driven mills, cranes, and a myriad of 
drives and controls by which we have 
modernized our operations; and the elec- 


Future 


Courtesy Karsh, Ottawa 


trolytic coating of steel with tin that has 
made a giant of the modern canning 
business. 

Steel, in turn, has given the electrical 
engineer the silicon, alloy, and construc- 
tional steels for electrical equipment that 
have helped public utilities cut the cost of 
residential current in half over the last 
25 years. 

The happy marriage of science and in- 
dustry has lately conceived the possibility 
of steel many times the strength of the 
strongest steel existing today. We can now 
envision electronically controlled steel 
projectiles capable of transporting man 
beyond the moon—into the far reaches 
of space—the world of opportunity for 
tomorrow. 


Roger M. Blough 


Chairman of the Board 
United States Steel Corporation 





The Institute and Philadelphia: 1884 


L. F. HICKERNELL 


AIEE PRESIDEN |, 


A review of some of the events of national and 

international significance that formed the back- 

ground and partially inspired the first technical 

meeting of the Institute 75 years ago in Phila- 
delphia. 


HE American Institute of Electrical Engineers 
was organized in a most unprepossessing year for 
the United States, a year of economic and indus- 
trial depression. Newspaper headlines in mid-May, the 
time of our Institute’s formation, told of a financial 
panic. In times of adversity, the resilience of the Amer- 
ican spirit manifests itself. 1884 was no exception. 
Practice of strict economy enabled many firms to ride 
out the depression. With employment in industry low, 
labor was diverted to railroad building. Cattle ranching 
increased, Greater attention was focused on agriculture, 
and an unprecedentedly heavy crop was harvested. 
Among people in the news was Grover Cleveland, 
who defeated James G. Blaine for the presidency by a 
scant majority of 23,000 popular votes. To General 
Ulysses S. Grant, 1884 brought both bankruptcy and 
the knowledge that he was incurably ill of cancer. Per- 
haps symbolic of the nation’s will to triumph over hard- 
ship was the personal courage shown by Grant in 
accepting these blows. To provide for his family, he 
set about writing his memoirs, working diligently day 
after day, completing the task just 4 days before his 
death in July 1885. Published in 2 volumes, the auto- 
biography won critical acclaim, both for character of 
writing and historical contribution, and brought Mrs. 
Grant $450,000 in royalties. 


PHE CENTENNIAL EXPOSITION 


[HE UNITED STATES had gained international prestige 
in 1876 by hosting a World’s Fair in celebration of her 
100th birthday. For the United States exhibit at the 
fair, it had been necessary to review and gather evidence 
of her accomplishments in all fields. The past lay tidily 
documented. 

Visitors to the 1876 Exposition could—with some effort 
—find displayed a few electrical devices. To some, includ- 
ing young Philadelphian Elihu Thomson, these were 
the only items of future importance. Passing over such 
spectacular displays as the world’s largest steam engine, 
Thomson returned again and again to the inconspicu- 
ous, poorly attended French Gramme dynamo exhibit, 





Full text of an address presented in abstract at a dinner meeting cele- 
brating the 75th anniversary of AIEE’s first technical meeting, The 
Franklin Institute, Philadelphia, Pa., Oct. 7, 1959; and at the general 
session of the AIEE Fall General Meeting, Chicago, Ill., Oct. 11-16, 1959. 


L. F. Hickernell is vice-president-engineering at the Anaconda Wire and 
Cable Co., Hastings-on-Hudson, N. Y. 
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which he was to recall vividly on his 80th birthday, 
57 years later. Thomson took advantage of opportuni- 
ties to converse with Alexander Graham Bell, who was 
on hand to demonstrate his invention of only 6 months 
before, the telephone. 

Thomson, then head of chemistry at Philadelphia's 
Central High School, had the previous year operated 
the first radio set in history, sending sound a distance 
of 100 feet. By his own admission in later years, he had 
not been wise enough to exploit the discovery. How- 
ever, there was to be ample room—and time—for Thom- 
son to win approbation for his inventions in the electric 
power field, to which he turned his considerable talents. 
Thomson served as AIEE President in 1889-90, and 
received the first Edison Medal in 1909. 


ELECTRICITY TO 1884 


IN THE BOARD ROOM at AIEE Headquarters is hung a 
large oil painting of “Dr. Wm. Gilberd shewing his 
experiments on electricity to Queen Elizabeth and her 
court,” given us by the British Institution of Electrical 
Engineers in 1904. The painting marks the point in 
electrical history where knowledge of certain magnetic 
phenomena gave way to experimental investigation. 

Dr. Gilbert is credited with origination of scientific 
research in 1600 with publication of his book entitled, 
“On the Magnet, Magnetic Bodies and the Great Mag- 
net, the Earth,” which came to the Institute in the 
Wheeler gift of the Latimer Clark Library. 

The history of electrical development to 1883 has 
been classified into three eras: 


|. Frictional Electricity. From the discovery of the 
electrical properties of amber in 600 B.C. by Thales to 
the experiments about 1750 by Benjamin Franklin. 

2. Battery Current. From the invention of a primary 
battery (Voltaic pile) in 1800 by Alessandro Volta. 

3. Electric Power (dynamos). From the discovery ot 
electromagnetic induction in 1831 by Michael Faraday 
and Joseph Henry. 


By 1884, several practical applications of electricity 
and magnetism had been made by inventors, particu- 
larly in the field of telecommunications, power, and 
illumination. 


ELECTRICAL EXHIBITION PLANNED 


News of The Franklin Institute’s plan to hold an 
International Electrical Exhibition was welcomed with 
enthusiasm by American inventors, electrical experts, 
and manufacturers. They were convinced that utiliza- 
tion of electricity would lead to industrial achievement, 
to prosperity and pleasant living conditions. Public 


ELECTRICAL ENGINEERING 





acceptance of these beliefs had yet to be obtained. Here 
would be an opportunity to seek it, and at the same 
time to demonstrate their capabilities to skeptical coun- 
terparts in foreign countries. 

The site chosen for the Exhibition was the very spot 
in Philadelphia where Benjamin Franklin had sailed 
his kite and drawn a spark from a cloud 130 years be- 
fore. The Franklin Institute borrowed funds to finance 
the Exhibition, including erection of the main building. 
Fig. 1 shows a ground plan of the Exhibition. 


THE EXHIBITION BUILDINGS 


In Fic. 2 the main building appears at the left: It was 
a wooden structure, painted yellow. The central arch 
seen across the rear was a 100-foot span, 200 feet 
length. The buildings provided 200,000 square feet ot 
space for exhibits. Along the Foster Street side was a 
boiler house in which 20 steam engines of novel design 
propelled the building’s electrical machinery. 

On the right in Fig. 2 may be seen the old Pennsyl- 
vania Railroad Depot, acquired when additional space 
became a necessity. A footbridge was built across 32nd 
St. to permit direct access to the second floor of the 
main building. The waiting room of the depot became 
a lecture hall, with huge maps painted on its walls. Two 
of these maps showed the location of all ocean cables, in 
use or abandoned. 

The shedding area in the rear of the property was 
used for such exhibits as motors, and railroad switches 
with signals. 

The railroad refused to allow new-fangled electric 
lightung in its buildings, and the Exhibition suffered 
the ignominy of being in part lighted by illuminating 
gas. 

EXHIBITS SOUGHT 

EXHIBITS WERE INVITED in seven general categories: 
production of electricity, electric conductors, measure- 
ments, high- and low-power apparatus, terrestrial 
physics, historical apparatus, 
and educational and biblio- 
graphical. 

Exibitors were charged a 
$5 entrance fee, which en- 
titled them to 
ticket. Charges for space ran 
from $2 for 10 square feet 
to $100 for 1,000 square feet. 

An appeal was made tor 
loan of historical electric ap- 


one season 


paratus, and for books to be 
displayed and afterward re- 
tained in the library of The 
Franklin Institute. 


PFHE GRAND OPENING 


ON THE MORNING of Sep- 
tember 2, 1884, a crowd 
gathered in the depot. Pre- 
cisely at noon, they were wel- 
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INTERNATIONAL ELECTRICAL 
EXHIBITION BUILDINGS 


GROUND PLAN 


PHIL ADEL PHIA—1684 MARKET St 


Fig. 1. Ground plan of exhibition buildings. (Redrow- from Electrical 


World). 


comed by Philadelphia’s mayor, whe then led them in 
procession across the bridge to the main Exhibition 
building. In the inaugural ceremonies that followed, 
President William P. Tatham of The Franklin Institute 
expressed the excitement of the occasion in these words, 
“The Electrical World of the United States is here fully 
represented; nay, it is here en masse!’’ Then the gover- 
nor of Pennsylvania declared open the International 
Electrical Exhibition. 

“Machinery was set in motion, the great central 
fountain spouted up, and the air was filled with the 
sound of innumerable electric bells and the peal of the 
electric organ.”! The hall was brilliant with are lights 
strung along each of the arches and incandescent lamps 
“strung everywhere.” Fig. 3 shows an interior view of 
the main floor. 


DISPLAYS OF U.S. ORIGIN 


Tue EXniBITION was “international” in name only. 


Courtesy ~ Electrical World 


Fig. 2. The electrical exhibition buildings. 
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Only 2%, of the 2,500 exhibits were from foreign coun- 
tries, 

Electric light, telephone, and telegraph companies 
displayed their systems, complete with accessories. 
Manufacturers displayed competing designs of their 
equipment. There were original and improved models 
of important and minor inventions, often demonstrated 
by the inventor himself. Edison was there with 2,000 
white and colored incandescent lamps wound spirally 
on a 20-foot-high cone. There were unknown inventors 
vying for attention, hoping to find recognition and fi- 
nancial backing. 

A small edition of the electric arc-light tower, fa- 
miliar to western cities but litthke known in the eastern 
states, attracted admiring attention. 

An electric railway on a 400-foot track, which was to 
have been in full operation throughout the Exhibition, 
finally took its trial trip on closing day. Powered by a 
8-hp dynamo, it carried a group of dignitaries up 32nd 
St. from Lancaster to Powellton Ave. at 8 miles pet 
hour, attaining a brisk 20 miles per hour on the slightly 
downhill return trip. 


ATTENDANCE 


DurRinG its 51% WEEKS, the Exhibition attracted 285,- 
000 visitors. The largest single day’s attendance of 17,- 
000 occurred, by coincidence, on the first day of AIEE’s 
meeting. Meetings of five associations held in conjunc- 
tion with the Exhibition contributed immeasurably to 
over-all attendance. Visitors ranged from great scientists 
of the day to school children, who for 15¢ were admitted 
to lectures on electricity and its uses. (The exhibitors, 
it was reported afterward, would have been pleased with 
the presence of fewer “sweet girl graduates” and “rivals 
of Peck’s bad boy.’’*) 


THE EXHIBITION ENDS 


[He EvecrricaAL Exuisition closed at midnight on 
October 11, and was, as Electrical World had predicted, 
“the grandest of the kind the world ever saw.” The 
Franklin Institute, which had expected no profit, real- 
ized approximately $10,000, and acquired over 2,000 
scientific volumes for its library. Moreover, it had con- 
tributed a well-placed stepping stone to the nation’s 


path of progress. 
AN ENGLISHMAN REPORTS 


Sin WILLIAM Preece, AIEE’s first Honorary Member 
and electrician of the British Telegraph Department, 
toured Canada and the United States in 1884, attending 
several association meetings, including AIEE, as well as 
the Exhibition. In a report of his trip,® he stated that 
the American electrical goods made a “fine” exhibition; 
one that no other single nation could bring together. 

Sir William was amused at our inclination to adopt 
electrical contrivances for “all sorts of purposes.” (We 
still do. In September 1959, a new electric-powered fish 
scaler was demonstrated at the Coliseum in New York 
City; purpose: to free fishermen from after-sport 
drudgery!) 
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TELEPHONE—USS. VS U.K. 


In 1884, there were only 11,000 telephones in use in 
the United Kingdom as corapared to 148,000 in the 
United States. Sir William had no difficulty explaining 
why; it was because of our sweltering heat. With tem- 
peratures from 90 to 100 degices, he pointed out, you 
exist in a sort of Turkish bath, and want to be saved 
every possible reason for leaving your office. The tele- 
phone enables you to loll back in your chair with your 
feet on your desk and a bottle of ice water nearby, and, 
thus, to carry on business transactions with some degree 
of comfort. 

Sir William also pointed out that in England, an 
errand boy was available at half a crown a week, com- 
pared with 12 shillings to 15 shillings for similar service 
in the United States. Thus, he reasoned, the telephone 
permitted transaction of business at less cost, as well as 
in greater comfort. 

Preece decried the unsightly overhead wires in this 
country, but considered as hopeless the cause of the 
minority who wished to have them placed underground. 
To quote him directly, “It is said that the Town Coun- 
cil of Philadelphia have issued most stringent orders 
that on the Ist January next, men with axes and tools 
are to start out and cut down every pole in the city. It 
is all very well to threaten; but my impression is that 
any member of the Town Council or any individual of 
Philadelphia who attempts to do such a thing will be 
lynched by the first telephone subscriber he meets.” 


NATIONAL CONFERENCE OF ELECTRICIANS 


A NATIONAL CONFERENCE OF ELECTRICIANS was held 
in Philadelphia, September 8-13, 1884. The conference, 
attended by 100 European and American experts, was 
conducted by the United States Electrical Commission 
under a Congressional appropriation of $25,000. 

In his opening address as president of the commis- 
sion and the conference, Prof. Henry A. Rowland of 
Johns Hopkins stated, “Let not . . . the devotee of pure 
science despise practical science, nor the inventor look 
upon the scientific discoverer as a mere visionary per- 
son. They are both necessary to the world’s progress 
and ... to each other.” 

Sir William Thomson (later Lord Kelvin), vice-presi- 
dent of the conference, stressed the importance of an 
international system of electricial measurements and 
international standards. 

A resolution was adopted recommending that Con- 
gress establish a National Bureau of Standards. Con- 
gress complied—17 years later! 


BRITISH ASSOCIATION MEETS AT MONTREAL 


Tue British Association for the Advancement of 
Science (BAAS) held its 54th annual meeting at Mont- 
real, Que., Canada, August 28-September 3, 1884. Of its 
1,773 members, 800 crossed the ocean to attend. Mem- 
bers of the sister American Association for the Ad- 
vancement of Science (AAAS) were invited guests. Of 
327 papers presented, 40 were authored by Americans. 
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One of these singled out as “valuable and interesting” 
was titled “On the Customs and Language of the Iro- 
quois.” The author, Mrs. Erminnie A. Smith, had been 
adopted as a sister by one of the chiefs of the Tuscarora 
tribe The following week, Mrs. Smith was elected secre- 
tary of a section of the AAAS, the first woman to hold 
office in the association. 

Five of the evening lectures were selected for printing 
at full length, two of them by Americans: Prof. Thurs- 
ton of Stevens Institute who spoke on the steam engine, 
and Prof. Asa Gray of Harvard who discussed North 
American vegetation. 

At the conclusion of the BAAS meeting, 300 of its 
members traveled by special train to Philadelphia, to 
attend the meeting of the AAAS, and to inspect the 
Exhibition. 


THE AAAS MEETS IN PHILADELPHIA 


THe AcapEMy oF Music in Philadelphia was the 
scene of the 33rd meeting of the AAAS, September 4-11, 
1884. The appeal of the Exhibition and the assemblage 
of visiting BAAS members combined to make this the 
association’s largest meeting, with nearly 1,300 in at- 
tendance. 200 papers were announced, but over 300 
were presented. 

Alexander Graham Bell gave a paper entitled “The 
Evolution of a Race of Deaf Mutes in America.” 
Among other topics were astronomy, musical sand, and 
the origin of life. An English visitor, Prof. ]. B. Martin, 
spoke on “The Future of the United States!” 

An International Electrical Congress was advocated 
in a petition presented in Philadelphia as it had been 
at Montreal, but organization of such a group was re- 
garded as “improbable.” 

ENTER THE AIEE 

THAT THE ELECTRICAL EXHIBITION was a motivating 
factor in the formation of AIEE is clearly indicated in 
the “Call” to organization circulated for signatures in 
April 1884 by our founder, Nathaniel S. Keith. Elec- 
trical experts from many countries were expected to be 
drawn to the Exhibition in Philadelphia. “It would be 
a lasting disgrace,” wrote Keith, “if no American .. . 
society were in existence to greet them.””* 

In accordance with action taken at the first meeting 
of the AIEE Board of Directors (then called the Coun- 
cil) on May 20, 1884, Secretary Keith went to Phila- 
delphia to secure accommodations for AIEE at the 
Exhibition. The Franklin Institute generously offered 
the use of rooms in one of the towers of the main build- 
ing, which Keith accepted. 

At a meeting of AIEE’s Executive and Finance Com- 
mittees on August 18, Secretary Keith was authorized to 
furnish one of the rooms as AIEE headquarters, and to 
be present during the Exhibition as the Institute’s of- 
ficial representative. For personal and staff expenses, he 
was voted the sum of $50 per week. 


COMMUNIQUE FROM PHILADELPHIA 


DuRING THE LAST WEEK in September 1884, Secretary 
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Fig. 3. Interior of main exhibition building. 


Keith issued from the Exhibition a notice5 which read 
in part: 


“The second meeting of the Institute will be held 
in Philadelphia on Tuesday, Wednesday and 
Thursday, the 7th, 8th and 9th of October, 1884. 

. A supplemental circular will be mailed to the 
members in a few days, giving further announce- 
ments and the terms, etc., of railroad, hotel, ex- 
hibition and other accommodations, the hall of 
meeting, etc. . .. Immediate notice should be made 
to the secretary of intention to read papers at this 
meeting . . . so that they may be timed as to read- 
ing and duly announced. . . .” 


It is regrettable that we do not have a copy of the 
“supplemental circular,” nor of the program of the 
meeting. Such meagre reports as are available are in 
conflict as to the duration of the meeting. The historical 
preface to the first volume of our Transactions, written 
several years later, states that “On October 7 and 8 a 
meeting was held. . . .” However, the text of Secretary 
Keith’s notice and the press account® of the meeting by 
a reporter who claimed to have been present, indicates 
that it lasted 3 days. 
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Fig. 4. Cross-section ot the ‘‘Scientific City Street’’ as applied t 


THE MEETING IS HELD 


ON THE MORNING of October 7, AIEE members met in 
Parlor C of the Continental Hotel, which stood on the 
present site of the Benjamin Franklin Hotel. In the 
afternoon, the members as a group inspected the Ex- 
hibition. On October 8 and 9, meetings were held in the 
Institute rooms of the Exhibition building. 

In all, 11 papers were presented and discussed. Among 
subjects treated were insulated wire, electroplating, and 
the United States Patent Office. Three papers dealt 
with telegraphy, two with magnetic fields of dynamos 
Ten of the papers are included in our Transactions. 
The llth was called “Exploring the Field of the Dy- 
namo-Electric Machine.” Unfortunately, the author, 
C. O. Mailloux, was prevented by illness from prepar- 
ing his paper for publication. Mailloux, then a consult- 
ing engineer, and electrical expert for Electrical World, 
was instrumental in starting the Engineering Societies 
Library in 1903, and became AIEE President in 1913-14. 

Two papers from our first technical meeting seem 
now to have been of particular significance. 


A BROADWAY SUBWAY PROPOSED 


“THE SCIENTIFIC City STREET” was presented by Row- 
land R. Hazard, president of the Gramme Company 
and AIEF’s initial treasurer. Col. Hazard was vigorously 
protesting the proposed introduction of a horse- o1 
cable-type surface railroad to New York City’s Broad- 
way, which he had regarded as the most noted and 
handsomest street in America. 

Hazard’s AIEE paper described his own alternate 
plan, which utilized an underground electric railway. 
Included was a colored cross-section drawing (Fig. 4) al- 
loting space for two local and two express subway 
tracks, a vault area under sidewalks, and galleries be- 
tween vaults and subways to house pipes and wires for 
water main, water distribution, sewer, gas main, gas dis- 
tribution, street gas, steam pipes, and pneumatic tubes. 

Subway stations were to be approached from curb 
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area. Pipes and wires would 
be specially arranged at sta- 
tions. Galleries could be en- 
tered by doors from the 
stations along the line, avoid- 
ing “the incessant tearing up 
of the pavement which con- 
stantly destroys the surface of 
the roadway at present.” Lit- 
tle did the author know that 
75 years later, harried motor- 
ists would still be uttering the 
same complaint! 

Col. Hazard’s paper was 
written fully 20 years before 
New York’s first electric sub- 
way was placed in operation. It is indeed regrettable 
that the colonel’s systematic assignment of space was 
not followed. 
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ANOTHER EDISON “FIRST” 


THE OTHER PAPER of special interest was written by a 
famous Philadelphia scientist, Edwin J. Houston, and 
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Fig. 5. Experimental incandescent lamps used in discovery 
of “Edison Effect,”"’ 1883. (Paper no. 1, Philadelphia, Pa., 
Oct. 7, 1884.) 


was the first paper to be presented. Head of the natural 
philosophy department of Central High School, Prof. 
Houston was also chief engineer of the Exhibition, and 
author of a series of primers on electricity and magne- 
tism available there. He later served two terms as AIEE 
President, 1893-94 and 1894-95. 

The title of Houston's paper, “Notes on Phenomena 
of Incandescent Lamps,” gives no indication of the im- 
portance of the subject treated. 

While investigating the blackening of his lamps in 
1883, Edison inserted a wire between the legs of the 
filament and brought out a third terminal. He found 
that if the third wire were connected through a galva- 
nometer to the positive leg of the filament, a current 
flowed between the filament and the wire, as illustrated 
in Fig. 5. Houston’s paper discussed a theory for this 
“Edison Effect.” 
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Actually, Edison had discovered thermionic emission, 
a discovery which was to usher in the fourth era in the 
history of electrical development: electronics. Edison 
obtained the first patent in that field in 1884. It is in- 
teresting to note that 20 years elapsed before further 
development in electronics took place. 


CONCLUSION 


SURELY, great strides will have been recorded in In- 
stitute annals by October 1984, when the centennial 
celebration of AIEE’s first technical meeting will be 
held in Philadelphia. If the progress potential of the 
next 25 years is realized, the accomplishments of the 
past 75 years will seem small by comparison. 

In 1884, in an editorial applauding Edison’s an- 
nounced intention of returning to original inventing, 
Electrical World used these words, attributed to Arch- 
bishop Richard Whately, “the larger the circle of light, 
the greater the darkness revealed beyond.” 


That circle of light is now to be gradually widened 
beyond the earth to illuminate our solar system. Since 
our solar system is but part of one of an unknown num- 
ber of galaxies, the encompassing area of darkness will 
grow beyond imagination. And as the darkness grows, so 
too will grow the need for men whose forte is electricity. 
Of this we may be sure: without electrical science and 
engineering, there could be no space age. 
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Computer on the 


Approximately $3 million worth of high-powered 
electronic data-processing equipment is shown on the 
sidewalk waiting to be moved into the Wall Street off- 
ces of Bache and Company in New York City. 

With more than 12 million Americans currently in- 
vesting in the market, all of Wall Street faces the prob- 
lem of handling a growing volume of information. The 
new IBM 705 Model III computer will enable Bache 
and Company to complete the paperwork on its average 
of 6,500 daily trades in 12 hours—half the previous time. 

Scheduled to go into operation shortly, the 705 Model 
III at Bache will be the fastest data-processing system in 
the financial district—capable of handling 780 trades a 
minute. In addition to processing these purchases and 
sales, the system will maintain stock records, perform 
margin and bookkeeping operations, prepare 
monthly customer statements. The data-processing sys- 


and 


tem also will enable Bache and Company to speed prep- 
aration of customer portfolio analyses. 

The 705 Model 111, largest commercially available 
computing system, can add a column of 11,400 5-digit 
figures in a second and make 45,400 logical decisions in 
a second. It is the third generation of electronic data- 
processing equipment to be used at Bache. A small scale 
IBM 604 electronic calculating punch, installed in 1950, 
was the first in this line. Three years ago the firm began 
using a stored-program computer when it installed an 
IBM 650, the world’s most widely-used electronic data 
processing system. The new 705 Model Ili can store 
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Street 


40,000 digits of information internally and millions 
more on magnetic tape. 


Hickernell—The Institute and Philadelphia 





Liquid Dielectrics in an Electric Field 


W. H. MIDDENDORF 
MEMBER AIEE 
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~ TUDIES of pure liquid dielectrics under the in- 
fluence of relatively intense electric fields reveal a 
phenomenon of mass transfer. Two variations of liquid 
displacement are possible. One is called cross-field dis- 
placement. It may be produced by partially immersing 
two rod-like electrodes in a liquid dielectric. The other 
is called co-field displacement. This type of mass trans- 
fer may be produced by immersing energized electrodes 
made of parallel screens in the dielectric liquid. Fig. | 
shows a simple cell for cross-field displacement. 

The mechanism by which the liquid is displaced is 
not known with certainty. Some insight into the phe- 
nomenon can be established from the quantitative data 
presented, as well as by certain qualitative observations 
made during these studies. 

The curves (Fig. 2) of cross-field displacement vs. time 
obtained for nitrobenzene, bromobenzene, and benzene 
reveal two types of variations. They are: (1) displace- 
ment which does not vary with time, and (2) displace- 
ment that decreases approximately exponentially from 
an initial value to a lower, steady-state value. 

It has been found that the liquids for which the 
second type of variation is appropriate have a current 
time characteristic which reveals a decreasing ionic 
concentration during the period immediately after the 
voltage is applied. For those liquids whose displacement 
does not vary with time, however, it has been found 
that the current may be ascribed to electron movement. 

There are several properties of the liquid state which 
provide a basis fo. explaining the liquid displacement. 
One possible source of mass transfer is that of ions 
which are present in the system. Ions act as centers 





Digest of paper 58-880, recommended by the AIEE Dielectrics Com- 
mittee for presentation at the AIEE Summer General Meeting and Air 
rransportation Conference, Buftalo, N. Y., June 22-27, 1958. Published 
in AIEE Transactions, pt Ill (Power Apparatus and Systems), vol. 77, 
Oct. 1958, pp. 795-99. 


W. H. Middendorf and G. H. Brown are with the University of Cin- 
cinnati, Cincinnati, Ohio. 
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1. Cell for 
field displacement. 


®& Fig. 2. Cross-field dis- 
placement vs. time: (a) Ben- 
chromel 
inch apart, 
5,000 volts applied; (b) 
Bromobenzene, 
steel electrodes 3/32 inch 
in vacuum, 
volts applied; (c) Nitroben- 
stainless steel elec- 
trodes 3/32 inch apart, in 
air, 3,000 volts applied; 
(d) same except chromel. 
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around which polar molecules cluster and the cluster 
thus formed will be drawn to one of the electrodes de- 
pending upon the charge of the ion in the cluster. 

Another contribution to the liquid displacement may 
be from uncharged clusters or swarms of molecules 
within the liquid. The presence of associated molecules 
(cybotactic groups) in all liquids was proposed by 
G. W. Stewart (The Physical Review, vol. 30, July 1927, 
pp. 323-44) some years ago. These cybotactic groups 
would be expected to have a higher dielectric constant 
than the main bulk of the liquid. Such groups move 
into the region of highest field intensity. The increase 
in energy density near the electrodes, however, tends 
to break the cybotactic groups. Then, since the number 
of associations for a given liquid depends primarily on 
thermodynamic considerations, new groups will form 
in the main body of the liquid to move toward the 
electrodes. 

In summary, mass transfer of pure dielectric liquids 
in high electric field is the result of either or both of 
two mechanisms. One depends upon the presence of 
ions within the liquid; the other depends upon the 
presences of cybotactic groups within the liquid. By de- 
signing equipment properly, one can use both of these 
mechanisms to cause liquid dielectrics to rise or flow. 
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Load Characteristics of a Smelting Furnace 


GEORGE GRANT III 
MEMBER AiFE 


UBMERGED arc furnaces have been in commer- 

cial operation for more than 50 years. However, 
the literature tells little about what they require from 
the supplier of the electric energy or what effects they 
have on the supply system. Information tollows on the 
electrical performance of such a furnace. 

The process of smelting silicon consists of heating 
silica (silicon dioxide) with carbon. The carbon com- 
bines with the oxygen from the rock and leaves the sili- 
con in a molten state at the bottom of the furnace. It is 
tappped at regular intervals. The mix of silica and car- 
bon is fed in around the electrodes and produces a con- 
ducting path between electrodes. The conductivity of 
this path consists of a multitude of contacts which con- 
tinually change as the mix moves toward the bottom of 
the furnace and as the reduction process proceeds. Elec- 
tric energy also goes from the electrodes through arcs to 
the metal in the bottom of the hearth. As a result, sev- 
eral factors affect the electric load in the furnace, with 
the multiple paths through the mix continually tending 
to make the load unsteady. By proper control of the 
mix and by the use of the proper voltage, the variation 
in conductivity through the multiple paths can be 
made to cancel one another and produce an over-all 
conductivity that is relatively steady. 

The circuit supplying the power to the turnace elec- 
trodes determines the power factor. The reactance of 
the furnace transformer is the major factor here. In 
Fig. 1, the megawatts and power factor of the load are 
shown as functions of the megavolt-ampere demand. 
The relationship is shown for the four voltages tound 
to work best in this installation. These show that it 1s 


POWER FACTOR 


Fig. 1. Furnace char- 
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best to operate at as high a voltage as possible because 
of the higher power and power factor for a given volt- 
ampere demand. This also results in steadier load. 
Desirable scheduling of operations calls for 24-hour 
operation at 6 mva. In practice, an operating time 
factor of more than 90% is maintained. Fig. 2 shows 
the momentary and 15-minute demand charts recorded 
when the operation was considered to be good. A period 
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including a shutdown was chosen to show that no 1n- 
rush currents are experienced. Further, these charts 
indicate that a load of 6 mva 1s dropped and again 
picked up with no tapering off or gradual increase. Of 
course, shutdowns are not desirable, but if they last less 
than 8 hours, they do not cause insurmountable prob- 
lems. Under load, the power factor ranges from 0.80 to 
0.87 and the demand has approximately 10% spread. 
No flicker problem exists under these conditions. 

When poor operating conditions are occasionally en- 
countered, the thermal values remain substantially the 
same. The spread in momentary values increases to 30% 
and slight flicker is sometimes produced. Infrequently, 
downright bad operation develops and gives thermal 
demand spreads up to 40% with momentary demand 
spreads greater than 60% and severe flicker. 

This 6 mva at 0.83 power factor load is normally 
steady. Its prime requirement is to go on and off the 
line without creating a disturbance on the system. How- 
ever, it may occasionally cause heavy load swings and a 
flicker problem. 





Digest of paper 58-1259, “Load Characteristics of a Submerged Arc Silicon 
Smelting Furnace,” recommended by the AIEE Technical Operations 
Department for presentation at the AIEE Fall General Meeting, Pitts- 
burgh, Pa., Oct. 26-31, 1958. Scheduled for publication in AIRE Appli- 
cations and Industry, 1959. 


George Grant III is with the Dow Corning Corporation, Midland, Mich. 


1159 





Peripheral Professional Problems 


of Engineering Management 


C, F. SAVAGE 
FELLOW AIEE 


The manager of engineering has the responsi- 

bility for assuring optimum utilization of all 

facilities. The concept of peripheral professional 

problems points out the many areas of interest 

to which the manager's attention must be 
directed. 


ANY ENGINEERING ARTICLES and papers 
have as an introduction a statement relating 
to the pace of technological growth. “Explosive” 
is a commonly applied adjective. Numerous references 
and examples to support this contention are familiar, 
but not so well known nor so sharply oriented is litera- 
ture aimed specifically at the managers who direct and 
are responsible for the contributions evolving from this 
technological “fission” and “fusion.” This discussion 
proposes to illustrate that in addition to absorbing and 
appreciating new technical understanding, knowledge, 
and lore as it rapidly is generated, the engineers manag- 
ing professional people have the responsibility of assur- 
ing the application in a manner that results in optimum 
utilization—in its broadest sense—of all facilities. 
lo do this, the manager must use techniques that ex- 
tend far beyond those found in the discipline of engi- 
neering. In fact, the engineering executive is “sur- 
rounded” by a multiplicity of motivating needs for 
activity to which he may or may not be fully acclimated. 
Hence, this concept of the peripheral professional prob- 
lems of the managers of engineering will direct atten- 
tion to those areas of interest. As problems are synony- 
mous with opportunity, proper programs will result in 
a professional climate consonant with the objective of 
the business. 


ENGINEERING AND OTHER DISCIPLINES 


ENGINEERING is one of some 23 easily identified pro- 
lessions.' Engineering is the custodian of a particulai 
branch of knowledge and it follows that this pattern is 
similar to many other professions within specific dis- 
ciplines, The extent to which these fields of knowledge 
are “pure” and to which they overlap in the professions 
is of interest at this point. 

Fig. | illustrates one way of indicating the overlap- 
ping that may occur between more than one discipline. 
Engineering, as shown, is concerned directly with 
knowledge in the fields of (1) mathematics, (2) science, 
(3) materials, and (4) the activity of innovation. How- 
ever, the practice of engineering, i.e., the applying of 
the knowledge of a profession, necessarily draws upon 
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the knowledge in fields which are classified as belonging 
to other disciplines. 

The disciplines of political science, economics, psy- 
chology, and managing are those in which the managers 
of engineers must perforce be interested. From the area 
of political science comes knowledge of community re- 
lationships that is fundamental to motivating and in- 
tegrating groups. Industrial and consulting firms and 
activities only indirectly connected with business re- 
quire application of this knowledge in many ways. Mo- 
tivation of the business team, systems engineering, and 
operation of technical societies are examples. 

Often managers wish for more knowledge on the 
subject of economics. The results of different kinds of 
work involving many objectives are measured in terms 
of economic impact. Certainly, knowledge of economics 
within the boundaries of good legal practice and within 
the techniques of accounting is essential to the manager 
of engineering, for the purpose of analyzing and con- 
trolling the effort of his total organization. 

The profession of psychology contributes, through 
industrial psychology, the knowledge and understand- 
ing required to design programs that are conducive to 
the development of the individual. Within either the 
framework of self-development by the individual en- 
gineer or in the area of recruiting, the importance of 
this overlap is apparent. 

This presentation of the discipline of engineering 
management is grossly oversimplified. But, by defini- 
tion, the manager of engineering is doing the work of 
the professional manager—planning, organizing, inte- 
grating, and measuring. To the degree that proficiency 
and skill are attained in applying this knowledge, he 
will gain leadership for his organization. 

It is the intent of Fig. | to illustrate simply that a 
manager of engineering work utilizes knowledge outside 
the discipline of engineering. If the subject were other 
than engineering, the diagram could be arranged inter- 
changeably for other disciplines. 


PERIPHERAL CONCEPT 


A RATHER SIMPLE EXPANSION of the relationships just 
discussed, in terms of the subjects for which a manager 
of engineering must plan and take action, results in 
the geometrically represented peripheral concept of the 
responsibilities, as shown in Fig. 2. 

Essentially full text of District paper DP59-678, presented at the AIEE 
Middle Eastern District Meeting, Baltimore, Md., May 19-21, 1959. 
Recommended for publication by the AIEE Management Committee. 


C. F. Savage is with the General Electric Company, Engineering Person- 
nel Services, New York, N. Y. 
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The application of engi- 
neering work results in a 
design of a product or in 
a service rendered to a cus- 
tomer. Because of the diver- 
sity in kinds of service, the 
examples of the subjects are 
focused primarily on prod- 
uct engineering, but they 
apply to all engineering with 
only variation in degree. 

Clearly, the primary effort 
of the manager of engineer- 
ing will be to draw upon 
the knowledge from the pro- 
fession of managing to lead 
his organization in the opti- 
mum discharge of its respon- 
sibilities. This requires of 
him a delicate and sensitive 
sense of balancing—a recog- 
nition of the proper mix 
and ability to proportion 
his managerial attention 
to fit the dynamics of the 
engineering climate. By defi- 
nition, the periphery is the 
“outward bounds of a thing 
as distinguished from _ its 
internal regions or cen- 
ter.” Thus, Fig. 2 diagrams 
the various work elements 
which, in the aggregate or 
total, make up the work 
which the manager of engi- 
neering must manage. It is useless to argue which of 
these work elements is most important, since this leads 
to the frustration of the “which is the most important— 
the heart or lung’’ type of discussion. The important 
point is that the manager of engineering recognize as 
a minimum all of the elements of work as shown in 
Fig. 2, even though, for the purposes of illustration, 
these are arranged as shown in this static diagram. It is 
probable that this is a characteristic arrangement, al- 
though, because of dynamics, any work element may be 
at any one time closer to the center of focus. 

Ihe inner circle of characteristics indicates that the 
product must have:? 


Dynamics 


. Suitable cost 
. Technical excellence 


Mechanical unity 
. Availability at the proper time 


l 
2 
3. Attractive appearance 
4 
5 


“ 7 «es 


The next “circle” of subjects, “profit,” “innovation,” 
etc., is that in which the manager must be interested 
(1) to assure continuity of the business, (2) to co-oper- 
ate with other functions of the business, or (3) to pro- 
vide a working climate for competent personnel who 
have the creative spark required today. The knowledge 
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Materials 





Psychology 


Fig. 1. Engineering and other disciplines. 


necessary requires an integration of that from several 
professions. 

The subjects diagramed in the peripheral circle are 
greater in number, because the activities support those 
listed in the inner ring just noted. For example, re- 
cruiting activities are a concern of the manager, since 
these supply the technical competence in terms of man- 
power required to produce the design. 


PROFESSIONAL CLIMATE 


the 
with them, and presupposed success in reaching the de- 
sired objectives for each are of particular interest be- 


THE REMAINING SUBJECTS activities connected 


cause, in the aggregate, these are the subjects that pro- 
duce a professional climate. 
Comment 


Make 
contribution 


Subject 


1. Compensation commensurate with 


2. Benefits Provide with character suit 
able for professionals 
Satisfy the “desire to know’ 
adequately 
Design for 
and 


8. Salary Communication 


character of 
professional 


4. Physical Facilities 
work 


people 
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. Educational Opportunities 


}. Unions 


. Professional Societies 


Ethics 

. Legal Recognition 
. Community 
Trade Secrets 
. Patents 
Employment Security 


Orientation 


Registration 
Honors and Awards 


Technical Societies 


Fig. 2. Peripheral concept of an engineering 
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Plan multiple and flexible 
forms to meet long and 
short needs of business 
and engineers 

Stress that collective bar- 
gaining and_professional- 
ism are incompatible 

Permit professional engi 
neers to discharge profes 
sional responsibilities 

Adapt to specific 
and make known 

Supply 


activities 
continuous activity 
for maintenance of 
standards 


Responsibilities Assist on professional basis 


awareness of re- 
sponsibilities 


Maintain 


Assure policies proper and 
equitable 
Define relationship of pro 
fessionals 
program to im- 
prove initial effectiveness 
and build loyalty 
Observe legal 
and improve standards 


Establish 


boundaries 


Promote opportunity to ob- 

tain 
Permit professional engi- 
neers to discharge techni 


cal obligation 


18. Corporate Practice Observe legal boundaries 
and improve standards 
Make known policies on all 
subjects that pertain to 
business objectives and 

professional climate 
Assist to at- 

tain optimum opportu- 

nity to contribute 
Provide realistic programs 


19. Communication 


20. Utilization professionals 


21. Professional Development 


It can be anticipated that any manager of engineer- 
ing will approach these peripheral subjects in extent 
and degree as dictated by his judgment of the needs of 
the business. There may be some bias because of per- 
sonal interest. Each subject could be expanded in terms 
of various objectives and activities aimed to meet these 
objectives. Also, much information of a general nature 
for informative purposes could be supplied. In fact, the 
manager cannot be expected to be fully acquainted 
with the details of all these peripheral subjects and must 
depend upon consultations with specialists. Note, how- 
ever, that the manager cannot delegate his responsibility 
for activities in these peripheral areas. 


TECHNICAL SOCIETIES 


As ONE EXAMPLE of the expansion that can be done 
on the information for any and all of these subjects, it 
is appropriate that tech- 
nical societies be explored 
briefly. These societies pro- 
vide symbols of professional 
Stature by means of their 
membership certificates, ex- 
amples of which are shown 
in Fig. 3. Such certificates in- 
dicate continuous contribu- 
tions. The manager should 
provide the opportunities 
for his professionals to con- 
tribute. 

Contributions may be in 
the form of technical papers. 
Why publish? An outstand- 
ing statement in answer to 
this question was made by 
Dr. C. G. Suits of General 

Electric: 
“For the professional man, 
scientific or otherwise, recognition 
by his professional associates and 
by the organizations in his field 
is generally at the head of his 
list of professional aspirations. (In 
this discussion I will be using the 
word “scientist” because their en- 
vironmental considerations are 
somewhat more familiar to me, 
but I believe that what will be 
said applies with little change to 
engineers and other professional 
specialists.) Recognition by the 


ibilities. scientific community heads the sci 
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entist’s list of desired attainments not only for reasons in- 
volving the satisfaction of s:dentification with his professional 
field, but also because there is a practical need for exposing 
one’s work to appraisal and evaluation by other scientists. 

“The professional and technical societies comprise, in ag- 
gregate, a ‘supreme court’ of informed scientific opinion. The 
verdict of this court concerning the importance of scientific 
work generally transcends the opinions of the author or the 
sponsors of the work. To be sure, the verdict may not be 
explicit nor prompt, but it generally is final and inescapable. 
It does what the author, because of his proximity to the 
work, usually cannot do—properly judge a new scientific re 
sult in relation to the work of others, to development in the 
whole field, and to important progress in related fields or 
fields that are competing in scientific interest with the au 
thor’s field. 

“The participation of a scientist as a contributor to the 
work of the technical societies also develops some impor 


tant advantages for the sponsor. The sponsor of the research 


recog 
the verdicts 


—industry, university, or government—shares in the 


nition accorded the individual and is aided by 
of the courts of scientific opinion. As a corollary benefit, it 
is doubtful whether any public relations activity—in the sci- 
entific community—equals the effectiveness of a policy that 
not only permits but indeed encourages the prompt publi- 
cation of scientific work. 

“Furthermore, the remember 
that modern technical progress—including his own—is built 


on prior work by scientists the world over. 


sponsor of research must 


A recognition by 


the sponsor of an obligation to contribute to the common 


pool of knowledge, upon which future progress will be built, 
can be justified on purely selfish grounds alone.” 


The manager will want to build professional atti- 
tudes in his men by making known these philosophies. 
And, to solidify the engineer's intent, information such 
as that outlined in the preceding section may be made 
available. 

Many engineers utilize technical societies to obtain 
technical information and keep informed. F. | 
Antwerpen noted: 


Van 


“Recently, an International Conference on Scientific 
mation was held in Washington, D. C. 
auspices of the Foundation, 


Infor- 
This was under the 
the National 
Council, and the 
Among the problems 
discussed was how the scientist obtains information and how 
he learns of the work of others. 


National Science 
Research 


Institute. 


Academy of Sciences—National 


American Documentation 
A rather interesting group of 


facts was unearthed. Scientists in one study, on being asked 
their own, gave top 
priority to casual conversation, followed by journal reading. 


In another report, 


how they learned of work crucial to 


three tools stood out—regular scanning 
of journals, attendance at meetings and lectures, and face- 
to-face contacts with colleagues. 

Among sources of ideas for current projects were listed, 
in order of importance, 


own previous work, colleagues, and 


reading of literature. The order may vary: the percentage 


of those who list one means above another—above conver 
another, but essen 
tially it seems that meeting colleagues and talking with them, 
reading current literature, and attending meetings are the 


prime sources of ideas.” 


sation—may be higher in one study than 


Technical societies are one of the basic elements in 
the engineer’s striving for unity in the profession. Stand- 
ards for industries are part of the work sponsored by 
societies. 

These are some of the reasons why the manager will 
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Fig. 3. AEE membership certificates as status symbols. 


not only want his men to be active but why he will 
plan ahead tor appropriate participations. 


PERIPHERAL CONCLUSIONS 


THE MERF DISPLAY of a listing of the subjects within 
the sphere of activity of a manager of engineering may 
be helpful in orienting the work pattern. Many activi- 
ties apply directly to producing a product or providing 
a service. The subjects as noted in the peripheral dis- 
play provide a listing of those on which activity could 
be taken to improve or produce a professional climate 
conducive and, in some instances, necessary for more 
effective work intimate to the product. Much detail is 
available on these subjects for managers interested. 

In summary, consideration of these peripheral sub- 
jects is urged 


1. As a check list for determining the policy status 
of an engineering organization. 

2. As a guide and check list of activities relating to a 
professional climate. 

3. As an aid in determining measurement criteria for 
the operation performance. 

4. As a potential method of feedback for improving 
the performance of the organization and the develop- 
ment of individuals. 

As a check on legal position as related to the 
operation. 


It may be that the peripheral subjects act as a bound- 
ing magnetic field in which the “plasma” of engineering 
contribution is maintained in an energy state of “fu- 
sion.” 
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Vickers Vanguard Electrics 


HARRY ZEFFERT 
ASSOCIATE MEMBER AIEE 


An outline of some of the more interesting 

features of the electric system of the British 

Vickers Vanguard, new turbo-prop airliner now 
being flight-tested. 


Fig. 1. The Vickers Vanguard, second generation turbo-prop, carries up 
to 139 passengers in ‘“‘economy” class and cruises at 425 mph. 


HE Vickers Vanguard, second generation turbo- 

prop airliner, now in the flight-test stage, is due 

to enter service in 1960 (Fig. 1). 
The Vickers Vanguard has a 28-volt d-c electric 
system with a considerable amount of frequency wild 
a-c available for deicing and other resistive loads. 
Primary generation comprises six variable-speed 50- 
kva_ self-exciting alternators giving a total system ca- 
pacity of 300 kva, making the Vanguard system, in 
terms of power, one of the largest airborne electric 
the The alternators are 
mounted on and driven by the engine gearboxes, two 


installations in world. 
each being fitted to the outboard and one each to the 
inboard engines. 

One alternator on each engine provides the power 
for its own propeller, spinner, and air intake electrical 
deicing, together with approximately 5-kva for galley 
and domestic heating loads. The d-c power is obtained 
from four 500-ampere silicon transformer rectifier units 
supplied from these alternators and fed to a common 
bus bar. This arrangment is illustrated schematically 
in Fig. 2. 

The 
the outboard engines are used to supply the power 
for the windscreen and tail unit deicing. One alter- 
nator is used for both requirements with the other 
running on no-load; switching is provided such that 
the alternative alternator is available for use as and 


two additional alternators fitted one each to 


A special ‘article recommended by the AIEE Air Transportation Commit- 
tee. 

Harry Zeffert is with Vickers-Armstrongs (Aircraft) Ltd., Weybridge, 
Surrey, England. 
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when required. It is intended that when used in air- 
line service, an east-west switching routine will be 
established such that each alternator receives approxi- 
mately the same utilization. 

Six 24-volt, 25-ampere-hour batteries are fitted to 
meet the engine starting requirements and to pro- 
vide an emergency source of d-c power. Constant fre- 
quency a-c is provided by three 3-kva rotary inverters, 
two of which are normally used with the third acting 
as a standby. In addition, a single 400-va inverter is 
fed directly from the battery bus bar to cater to the 
emergency radio loads in the event of all engine-main 
electric power failure. The complete power supply 
system is shown schematically in Fig. 3. 

A departure from Vickers’ normal practice with re- 
gard to main power systems is that the component 
parts have been designed and manufactured to Vickers- 
Armstrongs specifications, which have been put out to 
tender to the various component manufacturers con- 
cerned, A composite system has resulted but each item 
of equipment has been selected on technical merit 
and as a result, a very high degree of serviceability and 
operational performance is confidently expected. This 
policy has been adopted generally throughout the air- 
craft and the strictest possible technical control has 
been exerted on the component manufacturers; thus, 
many undesirable features encountered on previous 
equipments have been eliminated. 

A novel feature of the main generation system is the 
provision of specially developed ground-flight adapt- 
ers to facilitate testing and calibration of the various 
protection and control equipment without the neces- 
sity of running the engines. By this means, the com- 
plete system can be energized and operated from 
ground rigs for maintenance purposes without impos- 
ing the severe economic penalties associated with run- 
ning engines for prolonged periods on the ground. 
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Fig, 2. Vanguard basic d-c system. 
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EMERGENCY SUPPLIES 

THE ELECTRIC sYSTEM has been designed so that 
a-c and d-c power will always be available to supply 
€ssential services under any predictable circumstances. 
Conventional protection (over- and under-voltage, 
over- and under-frequency, etc.) is provided to cater 
to any faults which may occur in the four separate 
generation channels, effectively isolating individual al- 
ternators from the bus bar. In addition, a first stage 
emergency system has been incorporated such that the 
full d-c output from any one of two T.R.U.s (trans- 
former rectifier units) can be fed directly onto a sepa- 
rate bus bar system for use in the event of main bus bar 
system fauits. It is worth noting that in this direction, 
particular attention has been paid to ensure that ade- 
quate electrical and mechanical protection has been in- 
corporated into the bus bar system so as to make this 
type of defect an extremely remote possibility. 

In the first-stage emergency condition, the battery 
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supply is switched to the first-stage emergency bus bar 
system to counteract the effect of d-c ripple which is 
a characteristic of any T.R.U. supply. The back-up 
capacity thus provided has not been considered usable 
in terms of aircraft loads, although this arrangement is 
obviously advantageous in that large fault currents 
are available for tripping protective devices (fuses and 
circuit-breakers) in the subdistribution circuits. 

In the second-stage emergency condition (total elec- 
trical engine failure) sufficient electric power is 
available from the battery installation to sustain essen- 
tial electric and electronic loads during the maximum 
glide time of the aircraft. It is considered that the de- 
gree of integrity designed into the main electric power 
supply system is such that total generation failure can 
only occur in the event of all-engine failure. 

The emergency supply systems are illustrated sche- 
matically in Figs 4 and 5. 


UTILIZATION 


ELECTRICAL UTILIZATION on the Vanguard is exten- 
sive, particularly with regard to the use of frequency 
wild a-c for deicing and domestic resistive (heating) 
loads. Since engine bleeding imposes severe perform- 
ance and economic penalties on turbo-prop engines, it 
was decided, in the initial design stages, to install 
variable-speed constant-voltage alternators of large ca- 
pacity to provide the necessary power for power-plant 
and tail-unit deicing. 

A 28-volt system was selected for d-c utilization on 
the basis of availability of airborne components, air- 
line operators current ground equipment, and after a 
very careful study of environmental and operational 
factors. 

The rotary inverters for constant frequency a-c utili- 
zation have been specially designed and manufactured 
for the Vanguard to Vickers-Armstrongs specifications 
and sufficient capacity is available to meet any foresee- 
able combination of electronic loads likely to be speci- 
fied by any potential operator of this class of aircraft 
during its service life. 

In each of the utilization, 


three types of power 
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Fig. 4. (left) Schematic 
of Vanguard 





electric 
system's first-stage emer- 
gency condition—failed 
main bus bar. 





Fig. 5. (Right) Schematic 
of Vanguard electric 
second-stage 
condition— 


system's 
emergency 
total alternator-engine 
failure. 
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Fig. 6. Vanguard flight deck is laid out for operation by a 2-man crew. 
Flight instrumentation is fully duplicated for both pilots with engine in- 
strumentation on the center panel. Situated to the rear of the throttles 
and high-pressure fuel cocks is a wide center pedestal panel incorporat- 
ing all controls for radio communication and navigation equipment. 
Visible on the coaming are the four combined feathering fire-control 
handles. 


healthy growth factors are available to meet future de- 
velopment. There is an exception to this rule, how- 
ever, in that the 400-va emergency inverter has been 
tailored to meet the loads required in the all-engine- 
out case—the philosophy being that utilization should 
be kept to an absolute minimum to limit the weight 
of the inverter and associated control and distribution 
equipment. This philosophy is logical when one con 
siders that it is most unlikely to be used (other than 
for functional checks) bearing in mind that the first- 
stage emergency system is provided 

In an article of this nature, it is not possible to in- 
clude details of the various circuits and the manner in 
which power is actually utilized. It is perhaps worth 


mentioning that the experience gained in designing 


50 different Viscount types for aircraft operators 
throughout the world has been used and in many 
cases, similar techniques adopted on the Vanguard. 
The lighting system is, however, 
unique and the background behind its introduction 
is rather interesting; consequently, a brief description 


is included. 


passenger cabin 


As the interior furnishing design of the passenger 
cabin progressed, various schemes and proposals were 
evaluated. The use of incandescent filament lamps was 
considered unacceptable on a life expectancy basis; to 
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achieve the required standard of lighting, some 600 
lamps would have been needed, Even assuming that 
lamps manufactured to VAAS.2(EL) (Vickers-Arm- 
strongs Aircraft specification covering the manufacture 
of 1,000-hour tungsten filament lamps for civil air- 
craft) were employed and a 10-hour average aircraft 
utilization rate achieved, six lamp failures per day 
would have to be tolerated! In addition, an unaccept- 
able quantity of heat would be dissipated into the 
passenger cabin. 

Fluorescent tubes supplied from the inverters was 
the obvious alternative; however, since this would in- 
volve running the inverters for prolonged periods on 
the ground for passenger loading, etc., there would be 
a corresponding reduction in overhaul life. To over- 
come this problem, Vickers has developed, in con- 
junction with the General Electric Company, special 
transistorized static power packs for direct operation 
off 28 volts, d-c. In the existing system, half the fluo- 
rescent tubes are supplied from individual static in- 
verters, while the remainder operate from the constant 
frequency a-c supplies, the former giving a sufficient 
light level for cleaning, maintenance, and passenger 
loading purposes. 


INSTALLATION 


THE ENTIRE VANGUARD ELECTRIC INSTALLATION has 
been developed with a view to ease of maintenance, 
and throughout the various design stages, development 
engineers from British European Airways and Trans- 
Canada Airlines have been consulted on this aspect. 
This factor, together with the “double bubble” fuselage 
configuration giving a large volume available for 
freight and equipment bays) has resulted in an ex- 
tremely acceptable installation from the point of view 
of the airline operator. 

The main electric equipment bay is located under 
the main cabin floor, approximately half way along 
the fuselage. This compartment houses the control, 
protection, and distribution equipment for the elec- 
tric system, the batteries, transformer rectifier units, 
and the rotary inverters, Access is provided for main- 
tenance and servicing through a hatch in the bottom 
of the fuselage; in flight, access is gained through a 
hatch in the passenger cabin floor. 

In view of the large amount of electric power dis- 
tributed throughout the aircraft, particular attention 
has been paid to keeping the electric system above 
earth. Consequently, the main cable ducts and panels 
have been manufactured from Fiberglas and double 
studding techniques have been extensively used on 
heavy-duty feeder terminations. 

Nyvin-type cables have been used throughout and 
ring-type terminal tags with dielectric crimps are used 
except in a few isolated cases where the development 
time scale of components precluded their use. A 
major improvement in terminal blocks has _ been 
achieved by the introduction of the Vickerstrip, a 
range of terminal blocks designed by Vickers-Arm- 
strongs (Aircraft) Ltd. These are moulded from high- 
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temperature nylon and among the many advantages 
the block offers, weight, economy, high resistance to 
impact strength, and very good electrical properties 
are perhaps the most important. A color coding sys- 
tem has been incorporated to discriminate between 
different voltages (both potential and phases) and be- 
tween one system and another. The different block 
sizes available make the Vickerstrip system extremely 
flexible, and very pleasing distribution panel layouts 
have been achieved on the Vanguard. 

The Vanguard carries a 2-man crew and, in conse- 
quence, all instrumentations and controls are capable 
of operation from the pilots’ positions. This has been 
a considerable design problem; however, the flight 
deck panel layout is extremely “clean” and _ presenta- 
tion is simple and unambiguous. Throughout the de- 
sign, the pilot’s viewpoint has been very carefully stud- 
ied and the Vanguard should prove to be a popular 
aircraft with flight crews when it enters airline service. 


WIRING DIAGRAMS 


AIRCRAFT CONSTRUCTORS’ electrical design groups are 
primarily concerned with producing manufacturing 
drawings, which, although perfectly satisfactory for 
production purposes, have not always in the past ful- 
filled all the requirements of the airline operators’ 
maintenance personnel. This has sometimes resulted 
in a considerable amount of redrawing by the oper- 
ator. In order to overcome this problem, the wiring 
diagrams for the Vanguard have been drawn speci- 
lically for maintenance purposes and all data required 
exclusively for production has been excluded from the 
main drawing area in such a manner that it need not 
‘ppear in the wiring diagram manual. In common 
with all data for Vanguard aircraft, wiring diagrams 
are presented in accordance with the requirements of 
A.T.A. (Air Transport Association of America) specifi- 
cations 100. 

CONCLUSION 


IN AN ARTICLE AS BRIEF AS THIS, it is impossible to do 


more than touch upon some of the most interesting 
features of the electric system. Electric systems as a 





Tabel I. Vickers Vanguard Suppliers of Main Items Used in 
Generation System 





Component Manufacturer No. Per Aircraft Leading Particulars 


Alternator Rotax 50 kva, 200 Volts, 3-phase 


variable frequency 
r.R.U. 


Inverter 


500 amperes at 28 Volts d-c 


(Main) 


Inverter 
(Emergency) 


Ground Flight 
Adaptor 


Protection 
Devices 


Switchgear 


Batteries ..cccce.- Peto and 


Radford ..... 


3 kva, 200 Volts, 3-phase 
400 cps 


400 va, 200 Volts, 3-phase 
400 cps 


. 6 ...24 Volts, 25 amp-hr lead acid 
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vate 


Fig. 7. View inside electrics bay looking forward. Two of the four 28- 
volt, 500-ampere silicon transformer rectifier units may be seen in the 
right foreground. Behind them are the six 24-volt, 25 ampere-hour 
batteries. 


whole come in for much unwarranted criticism but 
when one considers the large number of components 
used and the complexity of the associated circuitry, 
failures are bound to occur. On the Vanguard, the 
latest techniques have been employed, thousands of 
hours of laboratory testing have been carried out and 
the background of a million and a half Viscount fly- 
ing hours has been used to the full, in an endeavor to 
reduce these failures to an absolute minimum. It is 
confidently expected that the Vanguard will enjoy a 
very high standard of electrical serviceability and 
prove a popular aircraft with the electrical engineers 
responsible for its maintenance. 





M icro-Circuitry 


Electronic miniaturization has taken a major step 
forward with the perfection of “Micro-Circuit” by 
International Resistance Company (IRC). Although 
Micro-Circuit was specifically designed to fill an urgent 
need in the missile-borne computer program of the 
Arma Division of American Bosch-Arma Corp., it will 
find many other important electronic applications. 

Micro-Circuit development was directed particularly 
at the passive elements found in every electronic circuit: 
resistance, capacitance, and inductance. IRC has suc- 
ceeded in making such components in molecular dimen- 
sions and essentially without weight. Components are 
now being made consistently with value tolerances of 
+ 5%. 

The secret of the IRC Micro-Gircuit is the deposition 
ot exceedingly thin films of component material on a 
tiny substrate of glass, smaller than a postage stamp. 
Glass was chosen as the substrate because of its great 
structural strength and exceedingly smooth surface. 
Micro-Circuit is not simply a component wafer but is a 
fully integrated and operational electronic circuit. 
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The Internal Insulation of Generator Coils 


D. A. FINDLAY 
ASSOCIATE MEMBER AIEE 
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Fig. 1. Generator IM-4; coil no. 30; position 3; 3.9% tip-up 
graded ‘‘terrible.” 


will evaluate the condition of the internal insula- 
tion of generator coils and reliably detect deterioration 


a. DATE, no satisfactory test has been found which 


such as illustrated in Fig. | 

Some 360 coils, removed from a 35,000-kva 13,200-volt 
waterwheel generator for repair of the protective tape, 
were power factor tested using commercially available 
equipment capable of measurements at voltages up to 
12 kv. The power factor of each coil was measured and 
the 4- to 8-kv tip-up was calculated, this being the nu- 
merical difference between the power factors at 4 kv 
and 8 kv. 
ternal voids in a coil. 


This is a measure of the extent of the in- 


To correlate the value of tip-up with the condition 
of the internal insulation, 62 coils were dissected and 


graded into four groups—‘‘acceptable, 
and “terrible.” “Bad” and “terrible” coils were declared 


poor,” “bad,” 
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Generator IM-4—position, tip-up, and grouping of complete 
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unfit for further service; Fig. | is an example of a 
“terrible” coil. 

As dissection progressed, 11 became apparent that 
electrical position of the coil in the winding was a 
significant factor. Plotting the power factor test results 
on a basis of electrical position vs. tip-up, and indicating 
the quality of a coil by a letter, it was apparent that 
“bad” and “terrible” coils were limited to those having 
tip-ups over 3% and formerly located in electrical posi- 
tions at which the operating voltage was over 4,000 
volts to ground. 

Based on the foregoing facts, the coils were divided 
into four groups, as follows: group | or line-end coils 
(Fig. 2), no restriction as to their use; group 2 or mid- 
parallel coils, restricted to operation at 5,000 volts or 
lower; group 3 or neutral-end coils, restricted to opera- 
tion at 2,500 volts or lower. 

Correlation with other coils trom duplicate windings 
indicates this technique may be applied to all coils 
built to this specification regardless of age. Further 
work has to be done to determine whether it can be 
extended to coils of different insulation systems. 

Conclusions are: 

1. Through dissection and examination of a number 
ol coils, a method of evaluating the internal insulation 
has been developed based on individual coil power 
factor tests analyzed with respect to the former elec- 
trical position in the winding. 

2. The d-c breakdown prediction and dielectric dis- 
charge tests failed to indicate that over 10% of the coils 
in generator /M-4 had severely deteriorated internal 
insulation. 

3. It is concluded that the ionization probe test ap- 
plied to a winding in a stator does not effectively assess 
the internal deterioration, since no more than 10% of 
the “bad” and “terrible” coils in generator 1M-4 were 
located. 

. Since no disintegration of the internal insulation 
was found in the neutral half of the winding, corona 
attack, not heat or vibration, must be the essential fac- 
tor causing the destruction of the insulation in the 
line-end coils. 

5. Power factor testing is nondestructive and the 
analysis provides a qualitative picture of the coils as a 
group. Therefore, fewer satisfactory coils are destroyed 
and more defective coils eliminated than by the appli- 
cation of high-potential turn-to-turn and ground tests. 


Digest of paper 59-25, “Evaluation of the Internal Insulation of Gener- 
ator Coils Based on Power Factor Measurements,” recommended by the 
AIEE Rotating Machinery Committee and approved by the AIEE 
Technical Operations Department for presentation at the AIEE Winter 
General Meeting, New York, N. Y., Feb. 1-6, 1959. Published in AIEE 
Power Apparatus and Systems, June 1959, pp. 268-79. 


D. A. Findlay is with Saguenay Power Co., Ltd., Isle Maligne, Que., 
Canada. R. G. Brearley, and C. C. Louttit are with the Aluminum 
Company of Canada, Ltd., Shipshaw, Que., “anada. 
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Improved Standardization Procedure 
as Developed for Lightning Arresters 


G. F. LINCKS 


FELLOW 


A change in procedure in which all interested 

parties have an equal opportunity to propose 

changes to ASA C62. This will result in one 

American Standard on Lighting Arresters instead 

of two or more separate standards that quite 
often conflict in overlapping areas. 


voluntary acceptance by the whole industry in- 

volved with the particular product. To do this, 
standards must represent the best thinking of the whole 
industry on the system needs and practices and on de- 
sign advancements. 

Standards must be current at all times in an industry 
developing as rapidly as is the electrical industry. 

In most cases, present practices in preparing standards 
involve duplication or triplication of effort and, thus, 
become prohibitive in cost with the danger of limiting 
participation. Any attempt to curtail costs except by 
improving the efficiency of the operation can be disas- 
trous to the universal acceptance of standards. 

The channeling of areas of responsibility for stand- 
ardization to specific organizations under existing 
standardization practices, such as “tests” to AIEE and 
“steps of rating’ and “dimensions” to EEI (Edison 
Electric Institute) and NEMA (National Electrical Man- 
ufacturers Association), may not result in securing uni- 
versal acceptance of the final American Standard. Nat- 
urally all interested parties wish to participate in the 
over-all problems. Also, the best thinking of all should 
be used in preparing and maintaining current all parts 
of the standards. Thus, it is desirable to open the door 
for full participation of all interested parties by sug- 
gesting and approving changes in all pbases of the 
standards through the procedures of the American 
Standards Association (ASA). 

A glance at the history leading to the recent issuing 
of the American Standard C62.1/—1957 for lightning ar- 
resters!.? will indicate that the procedure bore a close 
resemblance to present standardizing practices for most 
products in the electrical industry. The standard is in 
a field involving relatively rapidly changing system 
needs and practices, and design advancements to meet 
these changes. Prior to the issuance of the new standard, 
the American Standard C62.J/-1954 for lightning ar- 
resters was hopelessly out of date. The AIEE Standard 


| BE EFFECTIVE, standards must have a wide, 





A special article recommended by the AIEE Standards Committee. 
G. F. Lincks is with the General Electric Company, Pittsfield, Mass. 


The author wishes to thank H. R. Armst , E. Beck, A. M. Salazar, and 
H. R. Stewart for their valued assistance in preparation of this article. 
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AIEE 


28, “Report on Lightning Arresters for Alternating-Cur- 
rent Power Circuits,” had been revised in 1950 and 
again in 1956. Each of these revisions had required 2 to 
3 years of periodic meetings to discuss new and revised 
drafts and to perfect the exact wording of each defini- 
tion and clause. This cost many thousands of dollars 
for travel expenses and engineering time. NEMA stand- 
ards for lightning arresters were kept up-to-date by 
semiannual meetings costing a great deal of time, 
money, and effort to perfect wording satisfactory to 
the manufacturers. The current AIEE and NEMA 
standards did not agree in certain overlapping areas. 
This was particularly true as to definitions. Also they 
varied from the new American Standard definitions 
developed by ASA Sectional Committee C42. These 
differences confused users not familiar with the prepa- 
ration of the standard, thus defeating voluntary 
acceptance, 

The ASA Sectional Committee C62 on Lightning 
Arresters had to spend 3 years with periodic meetings 
for discussion of numerous drafts in order to compro- 
mise the differences in these highly perfected AIEE and 
NEMA standards. The work of the Sectional Commit- 
tee in compromising these differences between the two 
standards could not avoid detracting from the sense of 
achievement on the part of people who had spent so 
much time and conscientious effort to obtain perfec- 
tion. This is not conducive to voluntary acceptance of 
the standards. 

The AIEE Standards Committee recognizes the prob- 
lem of wasteful duplication of effort in perfecting 
standards and then turning them over to an ASA Com- 
mittee in its statement in the AIEE Standards Manual 
(5th edition) under “AIEE Standardization Activities,” 
p. 17: 


“2. When. . . an undertaking is proposed with 
the expectation that it will ultimately be submitted 
to ASA for approval as “American Standard” it 
would be best to submit the proposed project to the 
Electrical Standards Board at an early stage with 
the request that the project be approved to go for- 
ward under the Sectional Committee procedure. 

. Of course, the Institute can always proceed 
with the development of a standard on its own ac- 
count but when finished it is then decided to ask 
for ASA approval, in all probability much of the 
work would have to be done over again in a Sec- 
tional Committee. Obviously, therefore, the work 
should be done in the first place under a set-up that 
will insure final approval.” 
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CHANGE IN APPROACH 


WITH THIS BACKGROUND, the ASA Sectional Commit- 
tee C62 has faced up to the urgent need for improving 
the efficiency of its product standardization. It recog- 
nized that if nothing was done, history would repeat 
itself. The current American Standard which it had just 
completed would be the “current” or “working” stand- 
ard for only a short time. Gradually, it would become 
obsolete because of technical advancements in the in- 
dustry both in systems and design. After several years, 
the AIEE Technical Committee and NEMA would start 
all over again to rewrite and perfect two separate stand- 
ards that would be confusing to the users. 

With this in mind, the ASA Sectional Committee C62 
decided that the American Standard should be made 
the working standard of the industry by keeping it con- 
tinually up to date. In order to do this, NEMA and the 
AIEE Standards Committee approved certain changes 
in their respective standardization practices for light- 
ning arresters. On NEMA’s part, it will refer all its 
proposals for new lightning arrester standards directly 
to ASA C62 without publication in the NEMA Stand. 
ards, on the understanding that the new proposal, it 
found acceptable, will be reflected in the American 
Standards in a reasonable length of time. Furthermore, 
existing NEMA Standards after inclusion in C62./ will 
be deleted from NEMA Standards publications so that 
there will be no duplicate sections in simultaneous 
existence. NEMA will continue to publish a standard 
for lightning arresters containing only: 


1. Standards for future design; that is, advance stand 
ards toward which the manufacturers are designing 
their equipment. When current designs can be certified 
as meeting the new standards, the change will be pro- 
posed to ASA. ASA has no equivalent standard. 

2. Authorized engineering information, generally on 
application. It is anticipated that some time in the 
future the American Standards will include most of this 
information in a guide. 


On AIEE’s part, its new procedure will be to have 
the Protective Devices Committee, on instigation by the 
Lightning Subcommittee, recom- 
mend changes directly to the ASA Sectional Committee 
C62. The further part which the AIEE will play in the 
chain of approvals will appear in the later section on 
“New Step-by-Step Procedure.” The AIEE Standards 
Committee also directed attention to a portion of the 
section in the AIEE Standards Manual (5th edition) 
under “AIEE Standardization Activities” on p. 17: 


Protective Devices 


“3. Regardless of which organization sponsors a 
standard, the Institute should, through its (tech- 
nical) sessions and conferences, provide a forum 
for the presentation of reports, papers and discus- 
sions applying basic information for Standards 
projects in the electrical field.” 


To carry the major burden of processing revision pro- 
posals from these and all other interested sources, 
groups, or individuals, the ASA Sectional Committee 
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C62 appointed “ a Working Group on Continuous Re- 
vision of American Standards on Lightning Arresters 
C62.1” with the following scope: (1) to review pro- 
posals in ASA C62.] and prepare them in letter ballot 
form for submission to parent Committee C62; (2) to 
serve to co-ordinate at the working group level the ef- 
forts of technical groups contributing to this standard; 
(3) to serve, on instruction from Sectional Committee 
C62, to implement activity on desirable changes in the 
standard through existing or new groups; (4) to make 
editorial changes in the standards or proposals as con- 
sidered necessary or desirable. (While emphasis has been 
placed on the roles of AIEE and NEMA in ASA C62 
activity, it should be remembered that there are several 
other delegations to this Sectional Committee such as 
EEI, Communications, Railroads, etc.) 


NEW STEP-BY-STEP PROCEDURE 


THE STEP-BY-STEP PROCEDURE by which a revision will 
advance from proposal form to readiness for publica- 
tion in a revised edition of the standard will be as 
follows and as illustrated in the flow chart, Fig. 1: 


1. Proposals for revisions, whether originating with 
AIEE, EE], NEMA, or other industry groups or in- 
dividuals, should be sent to the chairman of ASA C62. 

2. Upon receipt of this information, the C62 chair- 
man will take one of the following courses of action: 

a. Where proposals are received from established 

groups and are known to represent the desires 
of industry, they will be forwarded to the chair- 
man of the Working Group on Continuous Re- 
vision of the American Standard on Lightning 
Arresters C62./, for further processing, with 
carbon copies marked for the information of all 
delegations and for the chairman of the AIEE 
Protective Devices Committee. 
Where the proposals are received from small 
groups or individuals, and where it cannot be 
ascertained that the proposals represent the de- 
sires of industry, they will be submitted to the 
NEMA Lightning Protective Devices Section 
and the AIEE Protective Devices Committee for 
evaluation. Results of such evaluation reported 
back to the C62 chairman will then be submit- 
ted by him to the Working Group chairman, 
with carbon copies as in 2a. 


3. If sufficient supporting data accompanies a request 
for revision, the Working Group will prepare the pro- 
posal received in the proper language for C62./ and 
will co-ordinate all sections of C62.1] which might be 
affected by the proposal. Where proposed revisions are 
not accompanied by sufficient supporting data, the 
Working Group will request such information from 
AIEE and/or NEMA. 

4. With proposals prepared in a form suitable for 
inclusion in the standard, they will be submitted to the 
membership of C62 for comments. 

5. Upon receipt of approval or comments from ASA 
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Fig. 1. Flow chart. 


C62 membership, the Working Group will make such 
changes in the proposal as necessary and will then re- 
submit for C62 letter ballot. 

a. Action taken by C62 Delegation Chairmen: (1) 
NEMA—Submits it to the Lightning Protective 
Devices Section and the Codes and Standards 
Committee; (2) EEI—Canvasses EEI Delegation; 
(3) AIEE—Transmits it to the Protective Devices 
Committee chairman who then submits it to the 
Protective Devices Committee members for letter 
ballot or such other type of action as he deems 
appropriate. 

Results of this action are then communicated 
to the AIEE delegation to C62 for its guidance, 
and a copy is sent to the AIEE Standards Com- 
mittee. 

b. Other C62 delegates vote individually. 

6. Upon approval, the C62 chairman submits to the 
AIEE Standards Committee and to NEMA, the joint 
sponsors, the proposed revision of the Lightning Ar- 
rester Standard, together with the ballot tally, and full 
description of any negative notes. 

7. After AIEE Standards Committee and NEMA 
approval, the revised arrester standard is submitted by 
the joint sponsors to the ASA Electrical Standards 
Board for final approval as an American Standard. 


SUMMARY AND EXPECTED RESULTS 


THIS NEW STANDARDIZATION PROCEDURE should provide 
broader participation than heretofore by all interested 
organizations, companies, and individuals, and thus 
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wider voluntary acceptance. A cursory reading might 
indicate it gives to few people too much power, with 
AIEE, NEMA and others giving up normal functions. 
Actually, participating organizations in the ASA Sec- 
tion will have increased control over all changes and 
improvements since they review every proposal before 
they become standards and are published anywhere. Pre- 
viously, different organizations approved and published 
standards in an area without any concurrence and often 
conflicts resulted. Each organization can draw into its 
review, and, if desired, balloting, as broad a representa- 
tion as it deems advisable. A company or an individual 
can submit proposals directly. Whenever AIEE, NEMA 
or another organization decide a proposal requires 
further investigation they can recommend delaying 
action and either set up a study group, submit papers 
for discussion in AIEE, or both. Thus, everyone gains. 

With this new standardization procedure there will 
be one American Standard on Lightning Arresters kept 
up to date continuously. The need at any time for com- 
pletely rewriting should be eliminated. For this new 
standardization procedure to work successfully, changes 
in the American Standard must be processed quickly 
and then published shortly thereafter. 
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Solar-Powered Thermoelectric Generator 
Design Considerations 


N. F. SCHUH 
MEMBER AILEE 


Some of the problems that will be encountered 

in designing a solar-powered space thermoelec- 

tric generator ‘are outlined. A test model of a 
solar-powered generator is described. 


ITH the coming space age, considerable atten- 

tion is being focused upon the problem ot 

supplying secondary power to the vehicles of 
the future. It is anticipated that future space vehicles 
may perform missions which will require months and 
perhaps years to complete. Requirements for the sec- 
ondary power source serving these vehicles will be very 
stringent. Because weight will be at a premium, the 
unit must have a high power-to-weight ratio. Reliability 
must be high, Lut must be accomplished with little or 
no maintenance and without excessive redundancy. The 
life expectancy must be high. 

Present-day systems possess a number of shortcomings 
which may preclude their use in extended mission 
vehicles. There is some doubt that these systems can 
be successfully modified to overcome these shortcom- 
ings. Accordingly, much effort is being expended to 
explore new types of power systems which will be able 
to meet the needs of this new age 

One system that appears to show considerable merit 
is a solar-powered thermoelectric generator. Solar power 
is fairly abundant in space, and the solar-powered 
system would have an advantage in that it would re. 
quire no fuel or shielding. The thermoelectric generator 
is a static conversion device and should have a fairly 
long life with good reliability. This article presents, 
in a brief manner, some of the principles and problems 
which may be expected in applying solar energy to a 
thermoelectric generator serving a space vehicle and 
describes a small solar-powered thermoelectric generator 
which was constructed to study these problems. 


BASIC CONSIDERATIONS 


\ THERMOELECTRIC GENERATOR operates as a heat 


engine to convert heat statically into electricity. As such, 
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heat must flow through the thermoelectirc material. 
Some of this heat is converted into electricity and the 
remaining unavailable energy must be dissipated. A 
solar system will thus consist of: 


1. A means tor collecting and concentrating the solar 
energy. 

2. A means for converting the radiant energy into 
heat. 

3. A thermoelectric generator. 

4. A means for dissipating the waste heat 


Collector—Concentrator. The solar energy density 
varies, depending upon location in the solar system. 
The power densities in the areas of space where man 
may be interested will be too low for efficient operation 





Table I. Input Heat Density of Some Present-Day 
Thermoelectric Materials 





Concentration Ratio Required 
Te Supply Heat Input plus 
Radiation Loss 


Thermoelectric 
Materials 
PbTe (P) 
PbTe (N) 
ZnSb_ (P) 
inS (N) 
PbTe (P) 
InSb (N) 


Heat Input Density. 
watts per square foot 





1,400 26 


5,000 61 


4,000 51 





Solar constant = 130 watts per square foot amen lp 
Hot-junction temperature = 450 C (723 K) Furnace factor = 0.8 
Cold-junction temperature = 270 C (543 K) Solar image area equal to load area 





of a heat engine, and some means must be provided 
for increasing the energy density to workable levels. 

The energy density can be increased by collection and 
concentration with some type of a reflective concen- 
trator or mirror. The optical design and construction 
of a large-scale reflective concentrator for a power sys- 
tem will be similar to that of a solar furnace. However, 
concentration requirements will be much less, The term 
“concentration ratio,” as used hereafter, is defined as 
the ratio of the image energy density with concentration 
to the energy density without concentration, assuming 
a perfect concentrator with a reflectance of unity. Table 
| shows the input heat density of some present-day 
thermoelectric materials and the concentration ratio 
necessary to provide these densities in space, Note that 
only fairly modest ratios will be required, whereas solar 
furnaces usually require concentration ratios in the 
order of 10,000 to 30,000. A review of the published 
papers covering the theory and design of solar furnaces 
indicates that with the low concentrations required, the 
optical design of a power system concentrator should 
not be a major problem. 
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In space applications, the major concentrator prob- 
lem is one of a mechanical nature. Because of the large 
area which will be required, the collector must be in a 
collapsed form during the ascent through the dense air 
and must then be extended or erected upon reaching 
space altitudes. The extension system must be capable 
of forming a large complex surface with good accuracy. 
Considerable work is being done by the National Aero- 
nautics and Space Administration and others on the 
problem of developing suitable extension systems. 


Absorber. The absorber has the function otf convert- 
ing the collected radiant energy into heat and conduct- 
ing this heat to the generator. The conversion efficiency 
will depend upon the shape, surface materials, area, and 
temperature, 


The incident energy which strikes the absorber will 
be either reflected or absorbed. The ratio between the 
absorbed energy and total incident energy defines the 
absorptivity coefficient of the surface. Therefore, the 
absorbed heat will be equal to 


Qa = SA.Fa 

where 

a = absorptivity coefficient to solar energy 

S = solar energy density, watts per square foot 
A. = area of the concentrator, square feet 

F = furnace factor 


Some of the absorbed heat will be lost by infrared 
radiation from the hot absorber surface. This loss can 
be expressed by the following equation: 


Q, = eo Ag(Ta* — To) 
where 


€ = emissivity coefficient at the temperature of the absorber 


o = Stefan-Boltzmann constant = 5.267 X 10~° watts per square 
foot per degree‘ 


A, = area of the absorber, square feet 
T, = temperature of the absorber, degrees Kelvin 
Ty = effective sink temperature, degrees Kelvin 
The heat available to the generator will thus be the 
difference between the absorbed power and the radiated 


heat. The heat-balance equation of the absorber can be 
written as follows: 


Qa = Oy + Qr 
or 
aS A,-F = Q, + «Aa (T* — To‘) 


where 
Q, = heat delivered to the thermoelectric generator 


From this equation, it is evident that the heat de- 
livered to the thermoelectric generator will be increased 
when either the absorptivity is increased, the emissivity 
decreased, or the absorber area decreased by increasing 
the concentration ratio. By maximizing the power de- 
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livered, the area of the concentrator can be reduced 
and a saving in weight realized. 

If the absorber area is made small in an effort to 
reduce the radiation loss and the input heat density 
becomes much larger than the generator density, much 
of the heat must then be conducted over a fairly long 
path. The weight of the heat-transfer system may offset 
the weight saving in the concentrator. Additional study 
will be required to optimize the absorber area with 
respect to the other clements of the solar system. 

It is obvious that for a given absorber area, concen- 
trator, and solar constant, the heat delivered will be a 
maximum when the solar absorptivity is equal to unity 
and the low-temperature emissivity is equal to zero. 
Unfortunately, materials with such properties are not 
available. However, in many materials the emissivity— 
absorptivity coefficient is not a constant but changes 
with temperature and wave length. It may be possible 
to select materials which have the property of efficiently 
absorbing solar energy but inefficiently radiating infra- 
red, thus approaching the ideal material. Such materials 
are called selective blacks. 

From the absorber heat-balance equation, it can be 
shown that under certain conditions, selective black 
materials with less than ideal characteristics will be 
superior to highly absorptive gray-body materials (a= 
e=constant). In general, for a given concentration 
ratio, the selective black materials will be superior at 
the higher temperatures and the gray-body materials 
at the lower temperatures. 

The absorber heat-balance equation also provides a 
means for calculating the temperature of the absorber. 
The temperature of the absorber is jointly fixed by the 
heat loss from the absorber surface and the heat flow 
through the thermoelectric generator to the radiator 
and thence to space. The expression defining the ab- 
sorber temperature in these terms is quite complex and 
awkward. The calculation can be simplified by assum- 
ing the power flow through the thermoelectric generator 
to be a constant. 


Thermoelectric Generator. A brief review of thermo- 
electric theory may be helpful in understanding the 
design problems which are described later. A thermo- 
electric generator is a heat engine and, therefore, the 
maximum available fraction of the total energy is given 
by the Carnot cycle efficiency. This cycle efficiency (E,) 
is expressed as the difference in the heat-in and heat-out 
temperatures divided by the heat-in temperature in 
absolute degrees. 
non T, — T; 

Ta 

The portion of this available energy which can be 
converted by a thermocouple (called the thermocouple 
efficiency E;,) is a function of the thermoelectric mate- 
rial properties and the temperature. The basic material 
properties are the Seebeck coefficient S (in volts per 
degree C temperature difference between junctions), 
thermal conductivity k, and electrical resistivity 9. A 
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figure of merit Z relating these materials properties is 
expressed as 


Z= 


ok 


By considering the effects of Peltier heat, Thomson 
heat, and Seebeck voltage, it can be shown that the 
thermocouple efficiency is 


. Vi+7Z-1 
te 2 = = = 
Vi+7Z+T,/T 
Now the over-all efficiency E of a thermoelectric gen- 
erator can be expressed as 


E mE, E&, 


and the electric power output available i: 
P =Q, E Ex 

where 

QO, = the heat flow into the thermoelectric materia! 


It is important to note that the material properties 
appear only as S* divided by pk in the expression tor 
efficiency. This indicates that the material properties 
are important in respect to one another, but not inde- 
pendently. 

Metals are not good materials for thermoelectric 
power generators, because of their low thermocouple 
efficiency. By plotting the figure of merit with respect 
to the current carrier density or resistivity, it can be 
shown that the best thermoelectric materials apparently 
lie in the semiconductor or semimetal range. Indeed, 
most of the materials development today is directed 
at thermoelements in this range. Unfortunately, semi- 
conductors are not high-temperature materials, being 
limited to 500 to 700 C, as far as we know today. This 
means that the heat energy available in the form of 
burning fuels, concentrated sunlight, and nuclear re- 
actors cannot be used at its maximum temperature and, 
therefore, maximum energy conversion cannot be ob- 
tained, It would be very desirable, then, to increase 
the efficiency by increasing the operating temperature 
of the thermoelement materials. A large effort is under- 
way to convert insulator class materials into good 
thermoelectric materials by increasing their electrical 
conductivity without appreciably increasing their 
thermal conductivity or decreasing their Seebeck volt- 


HEAT SINK 
THERMOELECTRIC 


MATERIAL ELECTRIC 


HEAT SOURCE 





Fig. 1. Basic thermoelectric generator arrangement. 
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age. Mixed-valence materials such as lithium nickel 
oxide appear very promising in the 700 to 1,500 C range. 

The major electrical characteristics of a thermoelec- 
tric generator can be defined by the power output, 
the open-circuit voltage, and the internal resistance. 
The power output at matched load has previously been 
given approximately as the product of the heat flow 
into the material and the over-all efficiency. The open- 
circuit voltage V, is calculated from 


V, = N SAT 


where 


N = number ot thermoelements 
S = Seebeck voltage 
AT =T, —T. 


The internal resistance of the generator R, is calcu- 
lated from 


R, = NoU/A 


where 


@ = electrical resistivity 
‘/A = dimensions of the thermoelements 


Maximum load power occurs when the load resistance 
is equal to R,. The load voltage then is equal to AV, 
In the practical case, voltage drops will also occur at 
the contacts and in the conductors. These drops are 
generally assumed to be no greater than 5% of the 
total voltage. 

The design of a thermoelectric generator will vary 
greatly with energy source, application, environment, 
and state of the art of the materials. Whatever the 
details of appearance, however, a heat path must be 
provided from the heat source, through the thermo- 
elements, and into the heat sink, as shown in Fig. 1. 
In general, the elements are thermally in parallel and 
electrically in series, which indicates one of the prob- 
lem areas in any practical design. Thermal contact 
areas must be good heat conductors and, at the same 
time, must be good insulating electrical surfaces. 

Another problem area results from the relatively high 
operating temperatures encountered. High-temperature 
thermoelements must be connected together with high- 
temperature conductors, held together with high-tem- 
perature structural materials, and protected by high- 
temperature finishes. These requirements reduce the 
number of available materials which can be used even 
at nominal thermoelectric temperatures, such as 400 
to 500 C. 

A thermoelectric generator is essentially a low-voltage 
high-current device with a relatively high internal im- 
pedance. This means that the output voltage will change 
considerably with load. The change in load voltage 
with load current will not be exactly linear, because of 
the Peltier effect. The Peltier effect is in such a direc- 
tion as to tend to cool the hot junction and heat the 
cold junction. As the current is reduced by increasing 
the load resistance, the hot and cold junction tem- 
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Fig. 2. Photograph of solar-powered thermoelectric generator test 
model. (Vacuum enclosure not shown.) 


peratures tend to increase. These increases tend to be 
approximately the same, so that AT is almost constant. 


Deviations from linea. voltage regulation are due to 
changes in AT and the resultant changes in materials 
characteristics with temperature change 

Because of the inherently slow response time of such 
a thermally operated device, good voltage regulation 
under load changes would be difficult to obtain by try- 
ing to control the heat flow. In most applications, it is 
anticipated that some form of power-conversion equip- 
ment will be used either to raise the direct voltage level 
or to convert direct current to alternating current. Volt- 
age regulation can be very effectively accomplished in 
this conversion equipment 


Radiator. The function of the radiator is to dissipate 
the waste heat from the generator unit and to control 
the temperature of the cold junction, At the present, 
the radiator appears to be one of the larger problem 
areas in a solar-powered thermoelectric system. 

In space, the only mode for heat removal is by radia- 
tion. To attain a high Carnot efficiency, the radiator 
temperature should be as low as practicable. However, 
low temperatures can be attained only with large radi- 
ator areas. With a large radiator and concentrated in- 
put, a major portion of the waste heat will be dissipated 
at areas somewhat removed from the source, and some 
means must be provided for conveying the heat to 
these areas. 

If a solid material heat-conduction system is used, 
the flow of heat by conduction to the dissipative areas 
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will cause a temperature drop. If the drops are large, 
extra area must be added to compensate for the reduced 
performance. Since this area will be added at an even 
greater distance from the source, the dissipative capa- 
bilities will be quite low and a point of diminishing 
returns is rapidly reached. 

The flow of heat in a radiator is a complex problem 
ot 2-dimensional heat flow. This problem is currently 
being studied with the aid of a computer. At the time 
of writing, detailed results have not been obtained. 
Approximate results indicate that if the power inputs 
are high and radiation temperatures low, fairly large 
thermal conductor cross sections will be required with 
attendant larger weights. 

In a space solar-powered system, the efficiency of the 
conversion device may not be as significant as in the 
more familiar terrestrial applications. Solar energy is 
abundant and free. The main consequence of reduced 
efficiency will be to increase the size of the concentrator 
and the conversion device. Since the goal in space ap- 
plications is to obtain a large power-to-weight ratio, it 
may be desirable to sacrifice efficiency by using higher 
radiator temperatures, thereby reducing the radiator 
weight. Optimization studies will be required to deter- 
mine the best radiator temperature. 

Another factor which will influence the radiator area 
is the orientation of the emissive surfaces. In some solar 
systems, the radiator will be exposed to the sun. If the 
radiator area is to be kept to a minimum, the heat 
input from the sun must be kept small. This can be 
done by keeping the area facing the sun small and by 
using suitable selective black material for the radiator 
surface. If good selective blacks are available or if the 
temperature is high, the solar energy does not signifi- 
cantly increase the radiator area. 

In other solar systems, the radiator will be shaded 
from the sun but exposed to the earth (for earth- 
orbiting vehicles) during certain portions of the orbit. 


THERMOELECTRIC PELLET ————— 
ASSEMBLY 


——_> 


HEAT ABSORBER 


Fig. 3. Exploded view of principal elements of test model. 
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The earth may be considered as a black body radiating 
at the average temperature of the earth and reflecting 
a certain percentage of the solar radiation. Calculations 
indicate that the effect on radiator requirements is in- 
significant at the higher temperatures. From this work, 
it appears that radiator orientation need not signifi- 
cantly affect radiator design. 

DESCRIPTION OF 


TEST MODEL 


A REvIEW of the considerations covered in the fore- 
going indicated that certain problem areas will exist 
which are not amenable to analytical solution. To de- 
fine and evaluate these problems better, a solar-powered 
thermoelectric model was constructed. Temperatures 
and outputs were established by material and size limi- 
tations. No attempt was made to optimize any part of 
the system or to make the model flyable. The primary 
objective was to construct a workable model which 
could be easily instrumented. 

he power output was arbitrarily set at 2.5 watts. It 
was estimated that a minimum thermocouple efficiency 
of 7.7% could be achieved with today’s materia] and 
that a Carnot cycle efficiency of 25% was reasonable. 
This gives an over-all efficiency of 1.92%. Based on this 
figure, a heat input to the thermoelements of 130 watts 
is required, 

The complete model is shown in the photograph in 
Fig. 2 and as an exploded view in Fig. 3. It consists of 
a concentrator, a sidereal drive, an evacuate enclosure, 
a water-cooled sink, and the thermoelectric assembly. 

Ihe test model will be subjected to a series of tests 
designed to determine the performance of the system 
and to investigate the optical, thermal, and electrical 


problems. Theoretical considerations will be proved or 
disproved or otherwise evaluated by comparing calcu- 
lated results with experimental data. The experience 
gained in designing, constructing, and testing this small 
model will be of considerable benefit in future solar- 
thermoelectric work, 
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Polaris Submarine Autonavigator 


The inertial navigation system that will precisely fix 
the underwater launching position of the U. S. Navy’s 
Polaris ballistic missile has successfully completed ex- 
tensive laboratory testing at Autonetics, a division of 
North American Aviation, Inc. The Navy and Auto- 
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netics have disclosed that a prototype engineering model 
of the system has been undergoing at-sea tests aboard 
the U. S. 8. Compass Island. 

Known as the N7A autonavigator, the submarine 
system is regarded as the key to the successful launching 
of the Polaris missile, which must be given exact pre- 
launching position information in order to reach its 
target accurately. The Autonetics system provides such 
information by incorporation of advanced gyroscopes, 
acceleration-sensing instruments, and a 2-in-] (general 
purpose and digital differential analyzer) computer. 
In uncovered binnacle, shown at the left, are the inertial 
system’s stabilized platform, precision gyrocopes, and 
velocity meters. All other electronic equipment is com- 
pactly packaged in the separate navigation console 
(right). 

All mathematical computations for the N74 _ navi- 
gational system are performed by a digital computer, 
called the VerDAN. This advanced computer—approxi- 
mately 114 cubic feet in over-all size—can be pro- 
grammed to permit accurate navigation over all regions 
of the earth. 
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Motorette Evaluation 
of Insulation Systems 


H. P. BOETTCHER 
ASSOCIATE MEMBER AIEE 


O UTILIZE the new materials effectively as they 

become available, it is necessary that searching and 
severe representative tests be used and the results com- 
pared to those for existing materials. From this agree- 
ment, it is possible to proceed confidently in the use 
of these evaluated materials. It is then possible to match 
more exactly an insulation system to a proposed use. 
Thus, the user benefits from a better and more eco- 
nomical electric machine. 

Accelerated tests were made according to AIEE no. 
510. In order to reduce variables introduced by the 
manufacturing process, and to be better able to show 
minor variations, motorettes were chosen. Two Class A 
systems were evaluated. One of these systems was used 
by all co-operating laboratories of the AIEE Working 
Group on Insulation Evaluation. The other system was 
one for which there was motor test data as well as con- 
siderable field experience. Fig. 1 is a comparison of 
the temperature-life data. From a practical standpoint, 
there is no significant difference between the two curves. 
The third curve shows the results of accelerated motor 
tests. The difference in test voltage is probably the 
greatest cause of discrepancy between the motor and 
motorette tests. It was amazing to see how little insula- 
tion was left on the motors several cycles before actual 
failure; the visible parts of the end turns looked com- 
pletely bare. In planning to co-ordinate motors and 
motorette test values, special effort should be made to 
evaluate both on the same reasonable basis. Actually 
the two curves shown possess excellent agreement; much 
better than should be expected. 














Fig. 1. Comparison 
of AIEE system and 
EMD system motor- 
ette and EMD sys- 
tem motor tempera- 
ture-life characteris- 
tics. 
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To be able to evaluate new Class B (130 C) systems 
it was first necessary to establish a standard. Two 
courses were open: (1) comparison with an existing 
Class B system or (2) to define arbitrarily the life re- 
quired at the maximum operating temperature, Of 
course, it is most desirable if the two methods agree. 
From extensive past experience on Class A systems 
and from tests made, the life at the maximum tempera- 
ture (105 C) is both known and known to be satis- 
factory. The obvious preliminary definition of Class B 
is that this system should possess the same life at 130 C 
as the Class A system had at 105 C. After having estab- 
lished a base, the limits can be specified for Class B 
(130 C) and Class F (155 C) systems as a system that 
possesses 10,000 to 20,000 hours life at the respective 
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Fig. 2. Temperature- 
life characteristics for 
newer materials. 
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maximum temperatures when extrapolated from accel- 
erated tests. The test results for the standard Class B 
system closely approach our arbitrary requirements and 
demonstrate the validity of the initial assumptions. 
Using this double criterion, new systems may be evalu- 
ated. 

Fig. 2 shows the temperature-life characteristics of 
several other systems which were evaluated. The tests 
in each case followed the AIEE procedures except the 
voltage between parallel conductors was increased to 
120 volts. Results obtained by other members of the 
Working Group indicated a greater consistency in end 
point determination with this turn to turn voltage. In 
addition to the specified tests, the insulation resistance 
was measured on the completion of each cycle. This 
gave us some indication of the rate of deterioration and 
the point of impending failure. All motorettes were 
constructed with the same size wire to remove this as 
a possible variable. 





Digest of paper 58-1280, “Results of Motorette Evaluation of Insulation 
Systems,’ recommended by the AIEE Rotating Machinery Committee 
and approved by the AIEE Technical Operations Department for pre- 
sentation at the AIEE Fall General Meeting, Pittsburgh, Pa., Oct. 26-31, 
1958. Published in AIEE Transactions, vol. 77, pt. I[1, 1958 (Feb. 1959 
section), pp. 1459-63. 
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The Design and Manufacture 
of Direct Burial Wire 


J. L. ROBB 
ASSOCIATE MEMBER AIEE 


A discussion of the design and manufacturing 

techniques of a direct burial wire that compares 

favorably in cost with open-wire construction 

in areas where high-speed wire plows can be 
used. 


UTSIDE of the high-density service areas in the 

central parts of cities, telephone operating com 

panies in this country have, until recent years, 
found it economically necessary to use aerial distribu- 
tion facilities. Open-wire construction in particular, 
with its high initial cost, high maintenance cost, and 
frequent service interruptions fostered a desire for de- 
velopment of a direct burial facility. Various efforts 
using ru ber-insulated wire with no outer protection 
failed, which led to the development of rubber-insulated 
wires with neoprene jackets. Experience in certain areas 
indicated the need for additional mechanical and elec- 
trical protection; therefore a light, flat, ribbon steel 
armor is provided under the jacket in certain types of 
this wire. 

No. 16 Awg copper conductors are used in these 
wires and this factor, coupled with the costs of the 
rubber and neoprene, results in a product which ts 
economically prohibitive in many situations. In light 
of this condition, the development of lower-cost facility 
was started in 1956. 


PERFORMANCE REQUIREMENTS 


ENGINEERS of the Rural Electrification Administration 
(REA) anticipated extensive use of a low-cost buried 
wire facility if such could be developed and, therefore, 
established performance requirements for a wire which 
would meet the needs of the REA telephone program: 


must be small 
enough to permit total loop lengths, including some 


1. Attenuation and d-c resistance 


cable plant, to reach a large proportion of subscribers 
would 


who normally be served by l- or 2-circuit 
open-wire construction, without exceeding transmission 
limits and supervisory limits for presently available 
central office equipment. Loops of about 15 miles in 
length would probably be necessary. 


2. All materials used in the wire should be suitable 





Essentially full text of a paper recommended by the AIEE Wire Com- 
munication Systems Committee and approved by the AIEE Technical 
Operations Department for presentation at the AIEE Summer and Pacific 
General Meeting and Air Transportation Conference, Seattle, Wash., 
June 21-26, 1959. 


J. L. Robb and W. L. Roberts are with the Superior Cable Corp., 
Hickory, N.C. 
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for use both above and below ground, and a life expect- 
ancy of 20 to 25 years tor the wire would be necessary. 

3. The wire must be armored for protection against 
small rodents and termites. 

4. A shield for lightning protection and noise miti- 

gation must be used and a tentative shield resistance 
of 15 ohms per 1,000 feet was established. 
5. The wire must have a breaking strength of ap- 
proximately 500 pounds to permit installation with 
high-speed wire-plowing equipment and to withstand 
ground heaving and frost cracks. A further considera- 
tion was the intended use of this wire for “aerial in- 
serts’” and for aerial drop wire. 

6. The wire will be with treated wood 
poles at terminal points and must withstand exposure 


in contact 


to pole-treating chemicals, particularly creosote and 
pentachlorophenol. 

7. The cost of the wire in place must be competitive 
with ‘rst costs for open-wire construction 

8. Some carrier circuit potential would be desirable, 
but not mandatory. 


A study by REA engineers indicated that a wire with 
no. 19 Awg copper conductors and a mutual capact- 
tance of 0.083 microfarad (uf) per mile would meet 
transmission and supervisory requirements. By coinci- 
dence these are the characteristics of a no. 19 Awg 
cable pair. This same study proposed the use of black 
weather resistant polyethylene as the insulant and of- 
fered suggested dimensions for the insulated core so 
proportioned that the minimum amount of insulating 
material would be used to achieve the desired mutual 
capacitance. This same study also proposed the use 
of flat, ribbon steel as a combined armor-shield-strength 
member. 


DESIGN OF BURIED WIRE 


ECONOMY DICTATED that the two conductors in this 
wire be insulated in one operation; therefore, a design 
using a parallel pair of conductors with black poly- 
ethylene extruded over them was mandatory. 


Shape and Dimensions of the Core. A flat oval core 
appeared to offer the most economic design from the 
standpoint of minimum amount of insulant needed to 
achieve the desired mutual capacitance but since a flat, 
ribbon steel armor must be applied over this core a 
more nearly round core had to be used. Formulas for 
proportioning of a round shielded pair to achieve a 
desired mutual capacitance have been published but 
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there was no information available on the proportion- 
ing of a core which was approximately elliptical. 


Greene, Leibe, and Curtis, in an article appearing in 
the Bell System Technical Journal (1936), have indi- 
cated that to obtain minimum capacitance for a flat 
oval shielded pair a spacing ratio of approximately 
0.47 should be used. The spacing ratio is defined. in 
the case of the flat oval (Fig. 1), as the quotient ob- 
tained by dividing the interaxial conductor spacing $ 
by the major diameter M,. The mutual capacitance 
of the flat oval circuit is very slightly greater than that 
of the shielded double coaxial circuit with an equal 
cross-sectional area. The total cross section of the flat 
oval circuit is 


A = 2RS +- rR’ (1) 
where 
Ms, = Ss ab 2R 


One conductor of a double coaxial circuit of equal 
cross section would have a radius of 


Ri = Jt (2RS-+2R%) = r/* ee 2) 
2 ee 
The capacitance of the double coaxial circuit is given 
by the well-known relation 


rs ee al 
QR, ul Der mile 


Cy 


where d is the conductor diameter. 


It is obvious (from Fig. 1) that the capacitance of the 
flat oval circuit is less than that of a double coaxial 
circuit with similar insulation whose outside radius is 
$/2 (where § <2R). Then, if C represents the capaci- 
tance of the flat oval circuit, 


___ 0.0194 « 0.0194 « 
os TR x ct <C< (3) 

"a Near? a 
Furthermore, if 0.47 represents the optimum spacing 
for minimum capacitance, a similar oval of equal cross 


section, but having a spacing ratio of 0.50, would have 
a greater capacitance. Then 


0.0194 
c<C<e=— — 


logie>. 
d 


where 

S’ =2R 

Since the cross sections are equal 
2R'S’ + 2 R* = 2RS +2 R' 

After substituting 

S’ = (1.091)S 

Equation 4 may then be reduced to 
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0.0194 « 0.0194 « 
a CC KS 


logis 1.091 $s 


logis 1.165 > 
or A a 


where 


= = 0.47 
S+2R 

For a mutual capacitance of 0.090 uf per mile or a 
smaller volume and an insulation with a dielectric 
constant of 2.5 or greater, the average value of those 
obtained from equation 4 must be correct to within 
+3.5%. 

As indicated previously, the flat oval configuration 
presents manufacturing difficulties in the armoring 
operation. The quasi-elliptical cross section used may 
be regarded as a compromise between the flat oval 
circuit and the circular-shield balanced pair. 

The capacitance of a balanced pair with a circular 
shield whose diameter is equa] to the major diameter 
of the flat oval (Fig. 2) is given approximately by 


0.0194 « 


ae 


Cc. = 


This reduces to 


0.0194 « 
PGI ooo? ES 


log 1.276 > 
vo I. a 


When 


s+ar~°" 

For shield configurations lying within the area 
bounded by the flat oval and circular shields, the capaci- 
tance of the circuit is less than the upper limit indi- 
cated by equation 4, greater than the value obtained 
from equation 5. 


The tollowing equation has been found to be accu- 
rate to within +2.3% when applied to constructions 
with M,/M, ratios ranging from 0.52 to 0.75, and spac- 
ing ratios between 0.45 and 0.51: 
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Fig. 2. Comparison of shield 
configurations: (1) flat oval; 
(2) quasi-elliptical; (3) circu- 
lor. 





0.0194 ¢ 


" 2S] M,? — S? BRL ul per mile (6) 
logo = — 0.167 logie 
a 


M,*? + S? 


(The dielectric constant of general purpose black poly- 
ethylene may vary by as much or more than +2.3%. 
This deviation is apparently due to variation in the 
carbon black content and perhaps also to the moisture 
content of the compound.) 

For the flat oval circuit with a spacing ratio of 0.47, 
equation 6 can be reduced to 


0.0194 « 
ut per mile 


log,» 1.146 > 
d 


- ° 


7 appears consistent with the inequalities 
expressed in equation 4. Equation 6 does not account 
for the shift of the optimum spacing ratio from 0.486 
to 0.47, as the shield configuration changes from a 
circle to a flat oval. 


Equation 


Fig. 3 shows calculated mutual capacitance as a func- 
tion of S/d for several M,/M, ratios with the spacing 
ratio fixed at 0.47. 


Capacitance Unbalance and Resistance Unbalance. 
When buried wire is used in the field, it must be antici- 
pated that open-wire circuits and drop wires will be 
connected to the buried wire and, therefore, 
voltages induced in these facilities will be impressed on 
the buried wire. To minimize the effects of these noise 
voltages, capacitance unbalance to the shield and con- 
ductor resistance unbalance must be held to low levels 

In the previously mentioned rubber-neoprene buried 
wire, a capacitance unbalance maximum of 500 jut 
per 1,000 feet is permitted. This seemed to be a 
reasonable figure and was adopted for the polyethylene- 
insulated wire. In the case of the rubber-neoprene wire, 
however, this value is met by measuring the capaci 
tance unbalance on a completed reel of wire and then, 
if the maximum value is exceeded, cutting the wire at 
the midpoint and splicing it together again with the 
conductors reversed. It was felt that this procedure 
was not necessary with the polyethylene-insulated wire 
since it was anticipated that precise control of the 
polyethylene extrusion would produce wire within the 
capacitance unbalance limits. Manufacturing experi- 


noise 
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ence, however, indicated that a higher maximum value 
was needed to avoid excessive rejected material so a 
maximum value of 750 yf per 1,000 feet was adopted. 

When this higher value of maximum capacitance 
unbalance was adopted, installation procedures in the 
field were changed to require that the two conductors 
of the buried wire be reversed at every terminal point. 
Since terminals appear on the average every 1/4 mile, 
this should control both capacitance unbalance and 
resistance unbalance very adequately 

Because a reversal of conductors at every terminal 1s 
required, it is necessary to identify each conductor in 
the buried wire. An easy and convenient means of 
doing this is to have one conductor tinned or plated. 

The resistance unbalance limit for this wire is based 
on experience with other no. 19 Awg copper conduc- 
tors and is set at 1.5 ohms maximum per 1,000 feet. 


Armor-Shield-Strength Member The necessity for 
protection against rodents and termites, along with the 
breaking strength required of the buried wire, plus the 
importance of low cost, indicated the use of steel for 
this function. 

Based on measurements of samples produced early 
in the development program using steel armor, a shield 
resistance of 15 ohms per 1,000 feet appeared feasible 
but later large-scale production showed that the steel 
chemistry needed to meet the electrical and tensile 
properties was quite precise; so, rather than sacrifice 
the electrical properties of the shield which are at best 
marginal, the breaking strength requirement was re- 
duced to 400 pounds, 

Efforts to improve the conductivity of the shield and 
at the same time provide a measure of corrosion resist- 
ance by the use of galvanized or copper covered steel 
were unsuccessful due to the cost of these materials. 

It was recognized, however, that damage to the jacket 
of the wire and exposure of the steel during installation 
must be expected; therefore, some method of corrosion 
protection was needed. It was decided that a thermo- 
plastic flooding compound flooded over the steel armor 
during the jacketing operation would protect the steel 


Fig. 3. Mutual capac- 
itence graphs: (1) 
flat oval circuit; (2) 
quasi-elliptical _—cir- 
cuit; (3) circular 
shielded circuit (spac- 
ing ratio = 0.47; 
cross sections not 
equal. 


(MF D/MILE) 
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Fig. 4. Direct burial wire: (1) polyvinyl chloride jacket; (2) 
thermoplastic flooding compound; (3) flat steel armor-shield; 


(4) polyethylene core; (5) bare copper conductor; (6) tinned 
copper conductor. 





to a degree and would serve the turther purpose of 
filling the interstices between the armor ribbons, there- 
by preventing the entrance of water under the jacket. 
The flooding compound provided a very low-cost an- 
swer to this problem, but created another problem. 

One intended use of this wire was an “aerial drop 
wire” in buried plant construction. Drop wires are 
attached to buildings and should be able to withstand 
a vertical flame test. The presence of the flooding com- 
pound causes the wire to be nonself-extinguishing. A 
type of flooding compound containing a flame retardant 
is currently unde: development which, it is believed, 
will overcome this difficulty. 


Buried Wire Jacket. Because of the aforementioned 
selfextinguishing need, a polyvinyl chloride jacket was 
used. This jacket provides the necessary toughness and 
will stand reasonable exposure to the common pole- 
treating chemicals, as well as provide the desired life 
above and below the ground. 

The jacket offers no resistance to rodents or termites. 
Che effects of soil bacteria and fungi on these jackets 
have not been evaluated, but no difficulties are antici- 
pated from these sources. 

Now that this wire has been in use in the field, it 
has developed that a method of indicating the footage 
on the surface of the jacket would be desirable. Since 
the route of the buried wire during installation is 
somewhat devious, conventional methods of chaining 
the line to determine the amount of wire used are 
inaccurate. Polyvinyl chloride lends itself to this type 
of surface marking and preliminary developments indi- 
cate that it will be feasible to provide this marking on 
the wire. 


MANUFACTURE OF BURIED WIRE 
THE MANUFACTURING TECHNIQUES used to produce 
buried wire are standard extrusion and wire armor 
serving techniques, but there are certain problems 
which have occurred that merit discussion. 


Conductors. The application of tin or other materials 
as a plating on one of the copper conductors for polarity 
identification in this wire causes certain problems. 

It is standard practice to draw wire to the finished 
size and then to apply the tin over this diameter. As 
a result, tinned conductors will be very slightly larger 
in diameter than bare wire of the same gauge number. 
Also, standard specifications for tinned wire in no. 19 


DECEMBER 1959 


Awg permit a plus tolerance of 3%, while for bare 
wire the plus tolerance is 1%. 

As a result of these factors, the tinned wire runs 
slightly larger than the bare wire and when these two 
different wires are paired, the direct capacitance to the 
shield is consistently higher for the tinned conductor. 

This “built-in” unbalance, when added to the normal 
variations that occur in the extrusion of the core and 
application of the armor, results in unbalances which 
are greater than the permissible maximum for an 
undesirable percentage of the total wire produced. To 
overcome this, it is necessary that the tinned conductor 
be the same diameter as the bare conductor within 
close tolerances. 

When two conductors of the same diameter are used, 
the capacitance unbalances become random rather than 
systematic, and the values are within limits. 

Reducing the diameter of the tinned conductor, how- 
ever, causes this conductor to run consistently high in 
resistance but still within resistance unbalance limits. 
This situation is, of course, corrected by the practice of 
reversing conductors at terminal points in the field. 


Extrusion of the Core. Considerable difficulty was ex- 
perienced in verifying the calculated design for the de- 
sired mutual capacitance owing to the presence of voids 
along the conductor surface. These voids along the 
conductor surface tended to lower the mutual capaci- 
tance significantly. The presence of the voids in the 
insulation lowers the dielectric strength and cannot 
be controlled to yield consistent values of mutual 
capacitance; therefore, it was necessary to eliminate 
this condition. 

The effect of the voids on mutual capacitance was 
calculated using a simple coaxial structure with a com- 
posite dielectric inasmuch as it was felt that this would 
be indicative of the order of magnitude of mutual 
capacitance variation that could be expected with the 
two conductor shielded pair. 

For the purpose of comparison, a coaxial-type con- 
struction with a no. 16 Awg conductor and 0.100 inch 
wall of polyethylene with e—2.6 was chosen. 

The potential difference equation as given in “Elec- 
tric and Magnetic Fields,” by S. S. Attwood (p. 80) is: 


1 1 
Vi-v:= 3 in du ~ in 2) 
€ 


b v1 € Ts 


This yields a capacitance of: 


0.0388 4 
— ———— uf per mile 


1 tr: r 
log 2 + log 3 
& vr; €- > 


Where 


@ = dielectric constant of void (=1) 

€- = dielectric constant of polyethylene (2.6) 
r,; = conductor radius (or diameter) 

r, = dielectric boundary radius (or diameter) 


r; = shield radius (or diameter) 
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Fig. 5. Photograph of core cross section showing void formations ad- 
jecent to conductor surfaces. 


The construction cited (16 Awg, 0.100 inch wall, 
&-==2.6) yields the following values: 
For no void space around conductor: C = 0.144 uf per mile 


For 0.001 inch average void space around conductor: C =0.139 
uf per mile 


For 0.002 inch average void space around conductor: C =0.134 
uf per mile 


For 0.003 inch average void space around conducter: C=0.129 
uf per mile 


The capacitance decreases expressed as percentages 
amount to: 
3.5% 


6.9% 
For 0.003 inch void space: 10.4% 


For 0.001 inch void space 


For 0.002 inch void space 


The presence of the voids was apparently the result 
of the presence of moisture in the carbon black used 
in the black polyethylene; therefore, a series of experi- 
mental runs were conducted starting with natural poly- 
ethylene and proceeding with black compounds having 
0.025%, 0.041%, 0.058%, 0.075%, 0.088% moisture 
contents, respectively. The natural polyethylene yielded 
a smooth, dense, void-free core as did the black poly- 
ethylene with a moisture content of 0.025%. The com- 
pound with 0.041% moisture content was relatively 
free of voids but all the other compounds resulted in 
gross void formation, 

In those compounds where voids formed, it was 
found that high conductor preheat temperatures aggra- 
vated the void situation; while removing the preheat 
caused the insulation to shrink away from the conduc- 
tor, creating an equally unfavorable condition. With 
the low moisture content compounds, the upper pre- 
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heat temperature was not limited by the appearance 
of voids. 

To control the void problem, steps must be taken to 
insure that as little moisture as possible be absorbed by 
the compound prior to its use and to use extrusion 
techniques to remove as much moisture as possible dur- 
ing extrusion. Hopper dryers, fine mesh screen packs 
to improve mixing and increase back pressure, and 
tools designed to increase head pressure are all bene- 
ficial. 


CONCLUSION 


Over 1,000 mites of this type of buried wire have 
been installed in the field and experience to date indi- 
cates that the design objectives of this wire were sound. 
The carrier capabilities of this facility are quite limited 
but electronic developments may eliminate this short- 
coming. Such developments may also extend the loop 
limit capabilities of this wire. 

The design of buried wire has stabilized and manufac- 
turing problems have been solved so that this product 
is now available as a standard outside plant facility at 
a cost which compares favorably with open-wire con- 
struction in those areas where high-speed wire plows 
can be used. It is reasonable to expect that in coming 
years a substantial amount of this type of telephone 
distribution facility will be buried directly in the 
ground, 


REFERENCES 


1. Buried Telephone Plant in Residential Areas, W. J. Lally, C. C. 
Lawson. Bell Laboratorie: Record, New York. N_ Y., vol. 37. no. 3, 
March 1959, pp. 105-9. 


2. Design of Wire and Cable for Direct Burial in Rural Telephone 
Systems of REA Borrowers, R. S. Baily, C. R. Ballard, F. F. Farnsworth, 
A. L. Richey. U. S. Signal Corps Sixth Annual Symposium, Asbury 
Park, N. J., 1957. 


$8. Communication Underground Distribution Plant in Urban Areas, 
C. H. Elder. U. 8. Signal Corps Sixth Symposium, Asbury Park, N. J., 
1957 


4. Buried Rural Telephone Distribution Systems, D. G. Wilson. U. S. 
Signal Corps Sixth Annual Symposium, Asbury Park, N. J., 1957. 


5. Buried Cable Telephone Systems, G. L. Chilberg. AIEE Transactions, 
vol. 76, pt. I, 1957, pp. 130-35. 


6 The All-Buried Telephone Service Concept, J. S. Reed. Telephone 
Engineer and Management, vol. 62, nos. 7 and 8, Chicago, Ill., April 15, 
and May I, 1958. 


7. The Proportioning of Shielded Circuits for Minimum High-Frequency 
Attenuation, E. I. Green, F. A. Leibe, H. E. Curtis. Bell System Tech- 
nical Journal, New York, N. Y., vol. 15, no. 2, April 1936, pp. 248-83. 


8. Electric and Magnetic Fields (book), S. S. Attwood. John Wiley & 
Sons, Inc., New York, N. Y., 1949, pp. 79-80. 





Embossing Machine 


A completely automatic single character embossing 
machine, the Electronic Datatyper 470, manufactured 
by Dashew Business Machines, Inc., Culver City, Calif., 
operates at an average speed of 14,000 characters per 
hour in embossing plates directly from punch cards for 
use in credit card plans, addressing, accounting, and 
stock control systems, and as identification tags for in- 
dustrial equipment and supplies. These plates are also 
used extensively by the U.S. Armed Forces, serving as 
shipping tags as well as source documents for accounting 
control. 
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Subtransient Reactances of Synchronous Machines 


K. B. MENON 


2 kre THEORETICAL approach so far made in the 
development of formulas for the direct- and the 
quadrature-axis subtransient reactances is based on 
either proportioning the current in the pole-tip bar, 
depending on its permeance, or evolving an equivalent 
damper winding on the assumption of sinusoidal dis- 
tribution of damper currents. Both these methods have 
their limitations when applied to the case of salient 
pole synchronous machines. The purpose of this digest 
is to outline an accurate method of determining the 
subtransient reactances by estimation of the induced 
magnetomotive force of each of the rotor circuits in 
terms of the applied sinusoidal armature magnetomo- 
tive force from a knowledge of the field forms for the 
two axes and the leakage permeances of the damper 
and the field windings. 

Any general method for calculation of the reactance 
as a result of armature reaction flux in the air gap of 
synchronous machines must be applicable to all condi- 
tions of operation, whether steady-state, transient, or 
subtransient. The leakage flux reactance associated 
with the armature winding has to be added to the re- 
actance of armature reaction to obtain the values of 
steady-state, transient, and subtransient reactances. 

Equations in the general form are derived for the 
subtransient reactances in the direct and the quadra- 
ture axes. Flux-linkage equations obtained by the ap- 
plication of the concept of constant flux-linkage 
theorem to each of the rotor circuits are converted into 
flux-density equations involving flux-distribution co- 
efficients and ratios of permeances of damper and field 
leakage to that ot the air gap. A typical set of curves 
for the field forms and flux-distribution coefficients to- 
gether with a diagram indicating the order of number- 
ing the damper bars with respect to the two axes is 
given in Fig. 1. A set of simultaneous equations have 
to be solved to get the values of air gap flux densities 
resulting from induced currents in the damper and 
field circuits in terms of the maximum value of flux 
density produced by corresponding armature currents. 
The number of equations will be equal to the number 
of rotor circuits to be considered in each axis. Since 
the damper circuits per pole are usually not more than 
five or six, the solution of the equations does not pre- 
sent much difficulty. Calculation of the per-unit value 
of subtransient reactances for the two axes is, there- 
after, an easy matter. The criterion for the accuracy of 
the reactance formula—that the formula can be reduced 
to the well established equation for the reflected sec- 
ondary reactance of the squirrel-cage induction motor 
—is substantiated by the general expressions developed 
for the direct- and the quadrature-axis reactances of 
armature reaction. 

Calculation of subtransient reactances by the present 
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Fig. 1. Flux density and flux distribution coefficient curves for the direct 
and the quadrature axes. 


rigid method involves the determination of the flux- 
distribution coefficients and the evaluation of the leak- 
age permeances of the field and damper circuits. Dis- 
tribution coefficients are simple to obtain with sufficient 
accuracy from the field forms for the two axes. Inter- 
polar fringing field can be plotted from Carter’s curves 
for the main field and the direct- and the quadrature- 
axis armature reaction fields. The major difficulty will 
be in the determination of leakage permeances of the 
damper circuits which have been considered electrically 
independent of one another. The accuracy of the 
method depends on how correctly the values of these 
permeances can be assessed. 

A comparison of subtransient reactances for the two 
axes obtained from expressions given by L. A. Kilgore 
(AIEE Transactions, vol. 50, Dec. 1931, pp. 1201-13) 
and by the present method shows that there is appre- 
ciable difference between the two sets of calculated 
values. The results also indicate that there is error in 
assuming that the damper magnetomotive force is 
sinusoidal in space distribution. 





Digest of paper 59-3. “An Accurate Method of Calculation of Subtran- 
sient Reactances of Synchronous Machines,” recommended by the AIEE 
Rotating Machinery Committee and approved by the AIEE Technical 
Operations Department for presentation at the AIEE Winter General 
Meeting, New York, N. Y., Feb. 1-6, 1959. Published in AIEE Power 
Apparatus and Systems, June, 1959, pp. 371-79. 
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Linear-Phase Transistor Ainplifier 


PETER HIRSCH 


In this discussion of the design of a transistor 

amplifier which exhibits a linear phase response, 

the theoretical background as well as experi- 
mental techniques are outlined. 


HE IDEAL AMPLIFIER may be described as 
having an amplitude characteristic which remains 
a constant to infinite frequency, and a phase char- 
acteristic which exhibits either zero phase shift for all 
frequencies, or at least is of such a nature that all 
frequencies are retarded equally in time. One ap- 
proximation to this ideal is an amplifier whose ampli- 
tude characteristic is a constant to some frequency 





























Fig. 1. fa) An even function of logarithmic frequency and a maxi- 
mally fiat function; (b) An odd function of logarithmic frequency and 
a maximally linear function. 


higher than the greatest frequency of interest, and 
whose phase characteristic is linear to that same fre- 
quency. The present discussion is concerned with the 
design of the latter type of transistor amplifier, with 
particular emphasis upon the linearization of the phase 
response. The effect of such linearization upon the 
amplitude and step response will be discussed. 
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THEORETICAL BACKGROUND 


THE PROBLEM is to find a relationship among the 
network elements wherein the amplitude and phase 
characteristics of the amplifier are as desired. The 
viewpoint is simplified if it is realized that the same 
mathematical technique can be used to adjust ampli- 
tude response, or phase response, or both.’ In Fig. 1, 
the amplitude response, shown as a solid line in part 
(a), of a bandpass structure will be an even function 
of logarithmic frequency, whose odd-numbered deriva- 
tives are all identically zero at midband. It can be 
shown that if the even derivatives are successfully ad- 
justed to zero at midband, the function will flatten 
out to take the form of the dotted curve, and is then 
called “maximally flat.” The phase response of this 
same structure, the solid line of Fig. 1 (b), is an odd 
function of logarithmic frequency, but its first deriva- 
tive is an even function. Thus, the first derivative of 
the phase response can be treated in the same way 
as is the amplitude response in order to attain flatness 
at midband. If the first derivative of a function is 
maximally flat, then the function itself is said to be 
“maximally linear.” The linear phase function takes 
the form of the dotted curve in Fig. l(b). If now the 
bandpass structure is transformed into a low-pass struc- 
ture, midband is zero frequency. It is clear that the 
derivative adjustment technique lends itself ‘o the de- 
sign of a network the amplitude and phase response of 
which approximate the ideal over a finite band. The 
degree of adjustment is defined by how many of the 
even-numbered derivatives of the even function are 
adjusted to zero. Thus, if only the second derivative 
is zero, the adjustment is of first degree. Of course, 
all the odd-numbered derivatives are zero by nature 
of the function. 


BEHAVIOR IN THE COMPLEX FREQUENCY PLANE 


IT WILL BE SHOWN that the response of a simple 
shunt-peaked transistor amplifier is characterized in 
the s plane by two poles and a zero. The generalized 
transfer function is 


s+2 


T(s) = K ——-——__——__ 
S$? + ZEwas + wa® 


(1) 
The zero is defined as that frequency at which the 
transfer function vanishes; that is, s — —z. The poles 
are defined as the frequencies at which the transfer 
function becomes infinite; that is, the frequencies at 
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Fig. 2. Stable pole-zero configurations. 


which the denominator ot the function vanishes, for 
which 


ca mmiges. Vi = (2) 


There are three stable possibilities tor the locations 
of the poles in the s plane (Fig. 2): (a) They can lie 
on the negative real axis, and the circuit will be said 
to be overdamped; (b) The poles can be complex con- 
jugates with negative real parts, in which case che 
circuit will be said to be underdamped; (c) The poles 
coincide on the negative real axis, in which case critica‘ 
damping exists. In this discussion, the overdamped 
case will not be considered. The reasons for this choice 
will become clear. 

Fig. 3 defines the variables used in the discussion. 
The absolute distance of the poles from the origin 
iS w,, the distance of the zero from the origin is z, and 
£ is the damping factor. It can readily be shown that 
£=<-cos§ Thus, when 6 = 0°, it follows that — — 1 and, 
1s 6 increases, — decreases 

A question which immediately presents itself 1s: 
‘What are the positions of the zero and the poles 
which characterize maximally linear phase or maximal 
Hatness?” 

To answer this question, the technique of deriva- 
\1ve adjustment can be applied separately to the phase 
and amplitude response of the generalized transfer 
function (see Appendix). As a result, a relationship 
is obtained among €, w,, and z which can be plotted 
in the complex-frequency plane. Fig. 4 plots the loci 
of the poles as € varies. Of the two loci, one corresponds 
to first-degree maximally flat amplitude response, the 
other to maximally linear phase response. For clarity, 
only that pole is shown whose imaginary part is posi- 
tive; the other pole yields a mirror image of the locus 
of the first. The representation is of the complex plane 
normalized with respect to z; that is, the zero is as- 
sumed fixed at s/z = 1. Examining the two loci, one 
arrives at several interesting conclusions: 


1. If w, 18 finite and z ~ «, the system 1s characterized 
by the two poles only, w,/z +0, and one observes the 
well-known fact that @ = 45° (or — = 1/-/ 2) tor maxi- 
mally flat amplitude response and thar 4 = 30° (or 
: = +, 3/2) for maximally linear phase 

2. It is not possible to realize both maximal! flatness 
and linear phase simultaneously. 

3. It is possible to realize critical damping and maxi- 
mal flatness simultaneously. 

4. It is also possible to realize critical damping and 
linear phase simultaneously. 
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5. It appears that a compromise can be made be- 
tween maximal flatness and linear phase if the poles 
are allowed to move into the region between the two 
loci. 

6. From the viewpoint of overshoot in the step 
response of the system, the condition of linear phase 
seems preferable to that of maximal flatness. That is, 
for any »,/z ratio, linear phase indicates the lesser 
overshoot. 


Inasmuch as the figure gives no readily discernible 
indication of the change in bandwidth with €, it seems 
desirable to plot w, and z separately as functions of €. 
To do this, an actual circuit must be investigated. 


HE CIRCUIT 


THE circurt is considered to be one stage of a cas- 
cade of identical common-emitter shunt-peaked low-pass 
transitor amplifier stages. The equivalent circuit as- 
sumed for the transistor is the frequently used hybrid-r 
model, Fig. 5 (a). 

It is further assumed that g,- is small enough to be 
negligible if the amplifier drives another common 
emitter stage. The model is simplified by replacing 
Zy- and C,', by their Miller representation at the 
input,? and combining the resulting (1 + gy/%,)Cy. 
and (1+g,,J%,)g»’, with C,’, and g,’,, respectively, to give 
as the final model Fig. 5(b). The a-c circuit for the 
complete stage and its load (which is assumed to be 
an identical stage) is then shown in Fig. 5(c). The 
forward voltage transfer ratio of this configuration is 


ve 


& w(t), are 
EB. 4 2 
+ Le Ss + Le 





1+GN 





where 


N= RL +m 


Comparing with the generalized transfer function, 
equation I, it is seen that 
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Fig. 3. Poles and zeros of equation 1. 
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Fig. 6. Pole-zero locations for linear phase response. 
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and the two last expressions can be solved simultane- 
ously for », and & Proceeding with the solution, one 
finds that w, and z can be expressed in terms of C/G 
and & Thus w, and z can be normalized with respect to 
C/G and plotted vs. £. 

Fig. 6 shows the relationships between the normal- 
ized positions of the poles and the zero for first degree 
maximally linear phase response. Both w,C/G and the 
corresponding zC/G are plotted for 0.9 =&= 1.0. G/C 
makes a useful normalization factor, because it is the 
input time constant of the transistor. Again, for clarity, 
the pole possessing a negative imaginary part has been 
left off the figure, which now gives an indication of 
the change in bandwidth with €. In the actual circuit 
chosen, the minimum value of £ has been increased to 
approximately 0.89, from a previous value (which was 
arrived at by assuming the only restriction on the 
locations of the poles and the zero was the condition 
of the linear phase) of & > 0.866. It can be shown that 
a value of — < 0.89 in the circuit under consideration 
would require both the zero and the peles to move out 
to infinity (see Appendix). 

As before (from Fig. 4), Fig. 6 shows that critical 
damping and linear phase can be realized simultane- 
ously, but it can now be seen that this condition can 
be realized only at the expense of a reduction in 
bandwidth. Indeed, it will be shown later that simul- 
taneous linear phase and critical damping can be 
achieved only if one is willing to sacrifice nearly all 
of the improvement in gain-bandwidth product that 
the compensation scheme otherwise offers. (The same 
type of graph can be plotted for the condition of first 
degree maximally flat amplitude response; the mathe- 
matical procedure is identical.) 

A further point of interest, from the viewpoint of 
step response, is the relative distance from the origin 
of the poles and the zero at different values of &. If & is 
close to 0.9, then z > | @, |, but as & — 1.0, z < | @ |. 
When the poles are complex, the presence of the zero 
tends to increase the overshoot in the step response. 
However, since z >|, | for the larger number of 
cases where & < 1, and since € is close to unity at all 
times, the effect is minor. At the other extreme, where 
the circuit is critically damped and there is no over- 
shoot, the response is speeded up by the presence of 
the zero close to the origin. 

The ratio of C to G normally remains fairly con- 
stant for any particular transistor, regardless of circuit 
configuration or bias. Thus, once the linear phase re- 
sponse, €, and the particular transistor have been speci- 
fied, both the bandwidth and the d-c gain are fixed. 
This is in contrast to the vacuum-tube amplifier, where 
gain can be traded for bandwidth under the same con- 
ditions, and only their product remains constant. The 
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Fig. 7. Normalized bandwidth, midband gain, gain-bandwidth prod- 
uct, and inductance vs damping factor. 


difference in behavior can be traced directly to the 
presence in the transistor amplifier of the input shunt 
conductance. 

Fig. 7 (a) indicates the variation of normalized band- 
width with & Here & is plotted linearly along the ab- 
scissa, and the bandwidth is normalized to G/C, the 
transistor input time constant. The bandwidth is de- 
fined as the frequency at which the gain drops 3 db 
from its d-c value (see Appendix). It is interesting to 
note that the normalized bandwidth is always greater 
than unity, with highest bandwidth at the lower value 
of &. 

Fig. 7 (b) shows the variation of normalized d-c gain 
with & Here the gain is normalized with respect to 
2m/G-~6 (the transistor common-emitter short-circuit 
current gain.) As could have been predicted, the for- 
ward voltage gain is less then the short-circuit current 
gain at all values of & The current gain is reduced by 
insertion loss, and approximately equals the voltage 
gain, because source and load impedances are very 
nearly identical. 

Fig. 7(c) shows the variation of normalized gain- 
bandwidth product with & It is normalized with re- 
spect to g,,/C, which is an approximate figure of merit 
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corresponding to g,,/Cy in a pentode. Significantly, the 
normalized gain-bandwidth product is always greater 
than unity, but decreases as 1.0. As previously 
pointed out, this is the price which must be paid for 
simultaneous critical damping and linear phase re- 
sponse, 

A further point of interest is the highest obtainable 
gain-bandwidth product with linear phase. A study of 
the curve shows that as — — 0.89, the normalized gain- 
bandwidth is about 1.3, although it is doubtful that one 
could attain a value in excess of 1.2 under linear phase 
conditions in an actual circuit. It has been shown in an 
unpublished communication of M. V. Joyce and K. K. 
Clark, Polytechnic Institute of Brooklyn, that the maxi- 
mum normalized gain-bandwidth product approaches 
1.6 for a maximally flat shunt-peaked transistor ampli- 
fier. Thus, there is a clear indication that linear phase 
response necessitates reduced gain-bandwidth. 

Fig. 7(d) is a plot of normalized inductance vs. & The 
curve is significant from the point of view of physical 
design, and shows a further disadvantage to the simul- 
taneous realization of critical damping and _ linear 
phase. The inductance necessary to achieve linear phase 
becomes rapidly larger as critical damping is ap- 
proached. This large inductance is a decided liability in 
terms of increased shunt capacitance, space require- 
ments, and cost. On the other hand, the rapid increase 
of inductance with £ is advantageous in that a relatively 
arge change in inductance would appear to have little 
effect on circuit behavior. 


EXPERIMENTAL TECHNIQUE 


IN ORDER THAT the actual effect of the compensating 
network on the phase shift could be studied, several 
circuits (see Fig. 8) were built and their phase shifts 
measured as a function of frequency. The inherent 
problems of phase-shift measurements 
placed a severe upper limit on the frequencies at which 
such measurements were feasible. It was decided, there- 


accuracy in 


fore, to build only circuits which did not require meas- 
urements beyond 300 kc. Nevertheless, it is felt that 
these compensation techniques are applicable at all fre- 
quencies where the single pole representing the input 
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Fig. 8. The experimental circuir. 
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Figs. 9 (left) and 10 (right). Amplitude and phase response for circuit of Fig. 8. 


time constant of a transistor determines its uncompen- 
sated response. Beyond an upper limit of a few mega- 
cycles, the hybrid-x model is no longer valid, and a 
transistor cannot be considered to be characterized by a 
single pole in the complex frequency plane. 

A word is warranted concerning the relative difficul- 
ties of phase-shif. measurement in transistor and 
vacuum-tube circuits. Such measurement, to any fair ac- 
curacy, is acknowledged to be difficult in vacuum-tube 
circuits, since, at the high impedance levels en- 
countered, the stray capacitances of the measuring 
equipment produce serious difficulties. In a transistor 
circuit, the impedance levels are usually low—in the 
order of a few kilohms at most, (For example, the input 
capacitance of the RCA 2N/39 is 2,000 uuf at 7, = 1 mil- 
liampere) Thus, stray capacitance can be virtually 
ignored, and the measurement problem reduces to the 
search for an indicator of phase shift in the circuit. The 
method used here was to compare the phase shift of a 
simple iow-pass R-C circuit with that of the amplifier, by 
means of a Lissajous pattern on an oscilloscope The 
capacitor was adjusted until the phase shifts were 
equal, Phase shift in degrees was then calculated from 
the frequency and the R-C product 


EXPERIMENTAL VERIFICATION 


[HE PARTICULAR TRANSISTOR chosen for study was the 
RCA 2N139, which has an input time constant, when 
V og —= —9 volts, at approximately 2.5 x 10~* second. 
This figure corresponds to beta cutoff of 400 kiloradians 
per second. A study of the predicted phase shift shows 
that it remains essentially linear to just short of the fre- 
quency at which the gain is down 3 db. Since the gain 
is approximately flat to this same frequency, the ampli- 
fier does approximate the ideal over a finite band, as 
originally intended. 

Experimental results were uniformly good (Fig. 9 and 
10). Within experimental accuracy, measured phase 
shift followed the predicted quantity closely. The ad- 
justments were not critical—a 10% change in the com- 
pensating inductance caused a very small change in 
phase shift, primarily at very low frequencies. 
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CONCLUSIONS 


1. The technique of derivative adjustment is well 
suited to the development of design criteria for shunt- 
peaked linear-phase transistor amplifiers. 

2. Shunt-peaked linear-phase transistor amplifiers can 
be operated with damping ratios of 0.89 = — < 1.0. 
Operation with — < 0.89 is theoretically impossible, 
while & > 1.0 leads to considerable reduction in gain- 
bandwidth product. 

3. Maximum gain-bandwidth improvement over the 
uncompensated stage is approximately 1.3 for & — 0.89. 

4. The design leads to a phase response which is 
linear over nearly the whole bandwidth. 

5. The design leads to circuits which are relatively 
insensitive to variations in the compensating induct- 
ance, 

6. The effect of transistor base-spreading resistance 
can be virtually ignored when the circuit is operated 
at the optimum values of damping ratio. 


Appendix 


Derivation of Relationship Among «,, z, & for First- 
Degree Linear Phase Response: 
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Effect of Elevated Temperature on 
Flash-Welded Aluminum—Copper Joints 


Cc. R. DIXON 
ASSOCIATE MEMBER AIEE 


As a result of improved techniques, the quality 
of flash-welded joints between aluminum and 
copper has been greatly improved so that they 
can now be made commercially. To evaluate 
these techniques, tests were made on 500 
joints and the effects of heating on tensile 
strength, ductility, resistance to impact, and 
electrical resistance were determined. 


OTH ALUMINUM and copper have high con- 
ductivity and, hence, are excellently suited for 
use as electric conductors. Since both metals are 
widely used, connections between them frequently have 
to be made. The most common type of connection is 
the bolted joint, as when an aluminum bus bar is 
bolted to a copper stud, Although this type of connec- 
tion is satisfactory, frequently a more efficient and less 
bulky connection, with better appearance, can be made 
by flash welding (Fig. 1). 
The quality of flash welds is dependent on certain 


conditions during the welding operation. As a result of 
important improvements in techniques, especially in 


Fig. 1. Stator of large generator containing flash-welded aluminum- 
copper joints. (Arrows indicate one of 24 groups of welds; note bend 
near one weld.) 
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F. G. NELSON 


the forging mechanism and in the die design of the 
welding equipment, flash welding is now used commer- 
cially in an increasing number of applications in which 
connections have to be made between aluminum and 
copper. The improvements provide (1) rigid support 
of the pieces at the ends during joining, (2) large in- 
crease of velocity of the platen at the time of upset, 
and (3) control of time of change from flashing to up- 
setting during the flash-welding operation. These three 
improvements make it possible to obtain welds of high 
quality. Furthermore, the die not only rigidly supports 
the material but uses the energy of motion to shear off 
the upset metal. 

While it is possible that extreme temperature condi- 
tions might be harmful to the joints, it was believed 
that the conditions that would exist in normal service 
would not be harmful. Some tests to evaluate the effects 
of elevated temperatures were reported several years 
ago, using joints made before the present improved 
techniques were available.’ In the investigation now 
being described, the improved techniques have been 
used. From tests of almost 500 joints, the effects of 
heating on tensile strength, ductility, resistance to im- 
pact, and electrical resistance were determined. 


WELDING PROCEDURE AND MATERIALS 


A GENERAL view of the 250-kva flash-welder that was 
used is shown in Fig. 2. A close-up of the dies, indicat- 
ing the pinching-off action at the weld, is shown in 
Fig. 3. An oscillogram of the operation during the con- 
trolled change of platen movement, when the velocity 
of the platen changes from 0.125 inch per second to 
13.7 inches per second, is shown in Fig. 4, together with 
traces for voltage and current 

Joints were prepared consisting of commercially pure 
aluminum bar, (4 by 1% inch, flash-welded to copper 
bar of the same size. 

The conditions under which the welds were made 
are shown in Fig. 5. Before making any welds to be 
tested, the setup of the welding machine was checked by 
qualification tests in which sample welds were required 
to withstand bending 90 degrees around a 34-inch man- 
drel without failure. 





Essentially full text of paper 59-1162 ‘““The Effect of Elevated Tem- 
perature on Flash-Welded Aluminum-Copper Joints,” recommended by 
the AIEE Committee on Electric Welding and approved by the AIEE 
Technical Operations Department for presentation at the AIEE Fall 
General Meeting, Chicago, Ill., Oct. 11-16, 1959. Scheduled for publica- 
tion in AIEE Applications and Industry, 1959. 
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Table I. Average Results of Tensile Tests 





Heating Extension of 
Conditions Tensile Number of Total 2-inch Gage 
Temperature Strength Failures Number Length* 
(fahrenheit) Time (psi) at Weld of Tests (percent) 








Group A 
(Months ) 


Fig. 2. General view of 250-kva flash-welding machine. 


15,500 
15,200 


Group C 
(Hours) 


wee: fl Seer 
Se 


Fig. 3. Close-up showing ‘‘pinch-off"’ dies in flash-welding machine. 





* Includes only those that failed at weld. 
¢ Intermittent instead of continuous heating; total time at temperature 





The joints consisted of three groups. Groups A and B 
were welded at the same time, the only difference being 
that the aluminum bar used for Group A had been an- 
nealed while that used for Group B was in an inter- 
mediate strain-hardened temper. The third group, C, 
was welded some two years later using bar similar to 
that used for Group B. 


TEST PROCEDURES 


Joints From Groups A AND B, as shown in Table I, 
were tested either after holding at room temperature 
or after heating continuously at temperatures of 212 
or 300 F for different periods, including some as long * 
as 2 years. In addition, some were heated intermittently 23 ses Be oe ae ASE © 3: 


at 370 F for a total time at temperature of one year. ig. 4, Colibegren tudlestind cpeed of platen duitng Gach 
Joints from Group C were heated continuously at tem- welding. 
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FLASHING DISTANCE: % IN. 
FLASHING TIME: 7 SEC 
FLASHING VELOCITY: 0.125 IN/SEC 
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INTERMEDIATE 
POSITION 


Fig. 5. Conditions used in flash welding Y4- by 1'/2-inch bars. 


peratures of 450 to 700 F for periods ranging from a 
few minutes to 6 days. 

All tests were made at room temperature. They 1n- 
cluded tensile and impact tests, electrical resistance 
measurements and metallographic examinations. 

Tensile tests were made of specimens consisting of 
the full section of the bar. As a measure of ductility, 
the extension in per cent of a 2-inch gage length, cen- 
tered across the weld, was determined. 

Impact test specimens 0.250 by 0.394 inch as shown 
in Fig. 6 were machined without notches and were 
tested as cantilever beams in an Izod machine of 50 
foot-pound capacity. The aluminum end of the speci- 
men was gripped in the vise with the joint at the edge 
of the jaws. The copper end was struck on a 0.394-inch 
face by the pendulum so that an original surface was 
subjected to maximum tension. 

Electrical measurements were made in 
which current was passed through the length of the 
specimen, including the layer of intermetallic com- 


resistance 


pound. The potential drops were measured over 2- and 
4-inch gage lengths, using a Leeds & Northrup type 
K-2 potentiometer. 

Metallographic examination of some of the welds 
was made in which the thickness of the layer of inter- 
metallic compound was determined. 


RESULTS AND DISCUSSION 


THE RESULTS of tensile tests summarized in 
Table I and in Figs. 7, 8, and 9. 

In about 40% of the tests, failure occurred in the 
aluminum and, therefore, the actual strengths of the 
welds were not determined—only the maximum stress 
that they withstood before the specimens failed. The 
average strength of all of the specimens was 11,900 
pounds per square inch (psi), but for the reason just 
stated, the actual average strength of the welds must 
have been even higher. 

In Groups A and B (Table I and Figs. 7 and 8) there 
was Obviously no significant decrease in the strength of 
the specimens as a result of heating. It will be noted 
that in both groups, the slight decreases in strengths 


are 
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FORCE TIME DELAY: 0.032 SEC. 
UPSET TIME: 0.049 SEC. 
MAX. UPSET VELOCITY: 13.7 IN/SEC. 


FINAL 
POSITION 


Fig. 6. Cantilever-beam impact test specimer. of 
flash-welded aluminum—copper joint. 
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Fig. 7. Tensile strengths at room temperature after indicated 
—Group A (for key, see Fig. 8). 
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* KEY: A- RANGE FOR SPECIMENS THAT FAILED AT WELD 
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F-NUMBER OF SPECIMENS THAT FAILED IN ALUMINUM 


Fig. 8. Tensile strengths at room temperature after indicated 
exposures—Group B. 


with increases in length of heating period at the highest 
temperature (370 F) are not an indication of loss of 
strength of the welds, since none of the failures in these 
tests occurred at welds. Since very few of the specimens 
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in Groups A and B failed at the welds, the higher 
strengths in Group B reflect the higher strength of the 
aluminum bar in those specimens. 

In Group C (Table I and Fig. 9), the percentage of 
failures at the welds was larger than in Groups A and B. 
This is true regardless of whether or not the joints were 
heated. Also, heating at the various conditions caused 
decreases in strengths of the specimens. Decreases of 
this kind were expected because such heating would 
anneal the aluminum which in this group of specimens, 
as mentioned previously, was in a_ strain-hardened 
temper. When the decreases that occurred were accom- 
panied by definite increases in the proportion of failures 
at the welds, and when the strengths became less than 
that of thoroughly annealed aluminum, then there was 
distinct evidence that the heating was detrimental to 
the welds. For the heating conditions investigated, the 
percentage of failures at the weld did not increase sig- 
nificantly until the specimens had been heated 120 
hours at 450 F, 48 hours at 500 F, or 4 hour at 700 F. 
The average tensile strength did not decrease to less 
than 10,000 psi until the specimens had been heated 
72 hours at 500 F or 4 hour at 700 F. In general, the 
scatter or spread of strengths was no greater for the 
exposed specimens than for those that were not heated, 
but the lowest individual strengths encountered for ex- 
posures of 48 hours or more at 500 F and for all times 
at higher temperatures were considerably below 10,000 
psi. 

In general, the extension values obtained in the ten- 
sile tests are in agreement with the foregoing observa- 
tions. 

The results of the impact tests are summarized in 
Table II. Values are shown only for those tests in which 
complete fracture occurred, because it is only under 
such conditions that the results have quantitative mean- 
ing. 

Complete tracture occurred in only about one-tourth 
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of the tests, and in those cases, it was at the weld. Gen- 
erally, the percentage of complete fractures tended to 
decrease with increase in temperature. Although the 
average impact values were generally lower for the 
specimens that had been heated than for the specimens 





Table II. Results of Impact Tests 
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Fig. 9. Tensile strengths at room temperature after indicated exposures—Group C (for key, see Fig. 8). 
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Fig. 10. (left) Etched 
cross sections of 
joints after heating; 
500X—Groups A 


and 8. 


Fig. 11. (right) Etched 
cross sections of 
joints after heating; 
500X—Group C. 


that had not been heated, the number of specimens 
that actually fractured at the welds was so small, and 
the number of specimens in which the welds withstood 
the impact blow was so large, that the values themselves 
are not significant in evaluating the effects of heating. 

The measurements of electrical resistance at room 
temperature after heating for the longest period of 
time at each temperature are listed in Table Il. The 
increase in resistance 
time of heating. 


data show no trend toward an 


with increase in temperature or 





Table Il. Electrical Resistance of 4- by 1%-Inch 
Flash-Welded Aluminum-Copper Joints 





Electrical Resistance, Microhms. 
in Gage Length of 


“4 inch 2inech — 


Heating Conditions 
Temperature 


(fahrenheit) Time 





Groups A and B 
(Months) 





* Intermittent instead of continuous heating; total time at temperature. 





Furthermore, the resistance otf a 2-inch gage length was 
almost exactly half that of a 4-inch gage length. If the 
thickness of the layer of intermetallic compound had 
been increased by the heating, the resistances would 
have increased and the resistances for a 2-inch gage 
length would have been more than half of those for a 
4-inch gage length. This would also be the case if any 
discontinuities, such as separation at the intermetallic 
layer, had been caused by heating. 

Photomicrographs of welds subjected to each of the 
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temperatures for the longest periods are shown in Figs 
10 and 11. There is little if any significant increase in 
thickness of the interfacial layer with increase in tem- 
perature or length of heating period. The thickness ol 
this layer generally was 0.00015 inch or less. 


SUMMARY AND CONCLUSIONS 


IMPROVED TECHNIQUES have been developed by which 
flash-welded joints between aluminum and copper can 
now be made commercially. The average strengths of 
the welds are at least 10,000 psi when heated as high as 
300 F for 2 years, 370 F for | year, 450 F for 144 hours, 
500 F for 36 hours, 600 F for 2 hours or 700 F for 5 
minutes. The strengths of individual welds, however, 
may drop below 10,000 psi when joints are heated 
48 hours or more at 500 F, or when heated for shorter 
times above that temperature. 

There was no evidence of embrittlement at any ol 
the heating conditions used. 
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Induction Motors with Permanent Magnet Excitation 


J. F. H. DOUGLAS 
FELLOW AIEE 





Fig. 1. 
manent magnet excitation. (1) Primary member, (2) secondary 

ber, (3) gnet ber, (4) barium ferrite, (5) leakage 
path, (6) steel, (7) cage to accelerate magnet member. Insert 


Induction motor, 8 poles, 60 cycles, 10 hp, with per- 





is alternative form with Alnico VI. 


NDUCTION MOTORS have been built in Germany 

with a free running member carrying d-c excitation. 
They had excellent characteristics, including 100% 
power factor. Permanent magnets have been substituted 
for d-c excited poles in magnetos and in synchronous 
motors with good results. Why not, one may ask, sub- 
stitute them for the d-c free running member of the 
German motor? Assuming this could be done, a design 
for an 8-pole 10-hp 60-cycle motor, based on the German 
motor, was made, its equivalent circuit analyzed, and 
its performance computed. 
The 
primary marked | is on the stator; the secondary 
marked 2 is a cage, and keyed to the shaft by end 
plates; the magnet member marked 3 is made of steel, 
with inserted wafers of oriented barium ferrite marked 
4. The leakage path, 5, is added for stability. This 
member is free running at synchronous speed, on the 
shaft, inside the secondary member 

The equivalent electric circuit was found to be 


The construction assumed is shown in Fig. 1. 


Digest of paper 59-1, “Characteristics of Induction Motors with Perma- 
nent Magnet Excitation,’ recommended by the AIEE Rotating Machinery 
Committee and approved by the AIEE Technical Operations Depart- 
ment for presentation at the AIEE Winter General Meeting, New York, 
N. Y., Feb. 1-6, 1959. Published in AIEE Power Apparatus and Systems, 
June 1959, pp. 221-25 


J. F. H. Douglas is with Marquette University, Milwaukee, Wis. 
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Fig. 2. Equivalent circuit and phasor diagram for motor with 
permanent magnets. I, and |, are components of current. R:, 
Ro, and X are usual induction motor constants. X», is reactance 
in magnetizing circuit. E. is the counter emf in magnetizing 
circuit. 


E Fig. 3. Current, 
torque, and slip loci 
for the motor of Fig. 
1. | is current iocus, 
S is slip locus, and T 
is torque locus. 
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that in Fig. 2. The chief difference bétween this cir- 
cuit and that usually used for an induction motor is 
the presence of a back electromotive force in the 
magnetizing circuit. Using calculated constants, the 
current locus was found to be nearly a circle and the 
power factor between 98% and 100% up to full load. 
Typical current, slip, and torque loci computed are 
shown in Fig. 3. 
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Utilities Radio Regulation 
and Technical Advances 


J. C. SLOTHOWER 
MEMBER AIEE 


Because the radio spectrum is one of our most 
valuable ‘‘natural resources,” the necessity for 
government regulation is obvious. Certain groups 
of radio users have formed advisory commit- 
tees to assist the regulatory bodies in establish- 
ing suitable rules. This article discusses some of 
the interrelationships between these groups in 
the light of today’s technical advances. 


NE OF THE MOST interesting aspects of the 

radio communications industry today is the 

interplay between regulation and technical ad- 
vances in the art. And there is no phase of this industry 
in which the two are more closely related than in the 
mobile radio field. 

The tact that governmental regulation and technical 
advances are so closely linked follows quite logically 
from the nature of the medium which is utilized—the 
radio spectrum. There can be little question that it is 
one of our most valuable “natural resources,” although 


one which, as has often been pointed out, can be used 
without being used up. In fact its value is a direct func- 
tion of the extent to which it is used. This usefulness, 
in turn, is in general a function of the amount of traffic 
which can be carried or the amount of information 


which can be transmitted. 

There are, of course, exceptions to this concept, such 
as the various emergency and distress channels whose 
principal value lies in their instant availability. A heavy 
trafic load here would completely negate their value. 

Without regulation and control of the use of the 
radio spectrum, it would be practically worthless and 
might be compared to a vehicular traffic system without 
any rules or regulations—the fellow with the biggest 
truck and loudest horn would be the only one who 
could get through. 

It is to the end of assisting the regulatory bodies— 
specifically, the Federal Communications Commission 
(FCC)—in establishing suitable rules or “traffic laws,’ to 
use the vehicular analogy again, that certain groups of 
radio users formed advisory groups such as the National 
Committee for Utilities Radio (NCUR). 

This particular committee represents the electric, gas, 
water, and steam utilities who are eligible for mobile 
radio licenses under Part 11 of the FCC rules. Other 





Essentially full text of conference paper CP59-1088, presented at the 
AIEE Fall General Meeting, Chicago, Ill., Oct. 11-16, 1959. Recommended 
for publication by the AIEE Radio Communication Systems Committee. 


J. C. Slothower is with the Northern States Power Company, Minne- 
apolis, Minn. 
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similar committees represent other groups of users, such 
as the petroleum industry, forest products, miscel- 
laneous industrial users, and the police, fire, and high- 
way maintenance groups in the Public Safety Service, to 
name only a few. 

Most of these advisory groups had their start as out- 
growths of committees of the Radio Technical Planning 
Board. This board, commonly called RTPB, was organ- 
ized by the radio industry in 1942 at the request of the 
FCC. Its purpose was to assist the Commission in re- 
solving the problems of frequency allocation and sys- 
tems standards which would face the industry and the 
FCC at the end of World War II. 

The sponsors of RTPB were the nonprofit associa- 
tions and societies which had an important interest in 
radio and which indicated a willingness to co-operate 
in achieving the objectives of the Board. The RTPB 
was composed of 13 panels and 68 committees. Panel 13 
represented the mobile and emergency services and 
Committee 4 of Panel 13 represented the Power Utili- 
ties. Committee 1 was the police; Committee 2, fire; 
Committee 3, forestry and conservation; and so forth. 

The NCUR developed from Committee 4 of Panel 13. 
It serves a dual purpose. One of these purposes, which 
is also common to many of the other associations or 
organizations of radio users, is the recommending to 
the FCC of frequencies which may be used in a given 
area. These groups have all developed various fre- 
quency assignment patterns and plans which are in- 
tended to make the most efficient use of the spectrum 
space and channels which are assigned to it. A detailed 
account of the frequency assignment plan used by 
NCUR is given in the Appendix. 

The second function of NCUR and the other similar 
groups is to inform the licensees in the industries in- 
volved of various technical and regulatory matters 
which may affect their use of the radio. It in turn ad- 
vises and works with the regulatory bodies, in particular 
the FCC, in developing changes in the rules which may 
be necessary to aid the efficient utilization of radio by 
the user groups. 

This last item may be made necessary by technical 
advances or it may come about because of changing 
operating needs and the changing of the uses to which 
the licensees may wish to put their radio equipment. 

An excellent example of the way in which these 
various user organizations, again referring in particular 
to NCUR, operate is given in the matter of reducing 
the assigned or permitted bandwidths for mobile use or, 
as it is commonly called, “channel splitting.” 
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The needs of the various services including those of 
the utilities in the Power Radio Service dictated a num- 
ber of years ago that many additional channels would 
be needed. In fact, it was recognized in the original 
1947 hearings that the assignments made at that time 
would probably be inadequate for the anticipated 
growth. 

Prior to 1930 the power utilities’ use of radio was con- 
fined to the special emergency frequencies and was lim- 
ited by the rules applicable to the special emergency 
service to the actual duration of emergencies. During 
the 1930's the electrical industry appeared before the 
FCC and requested the allocation of a number of chan- 
nels for their exclusive use. The request was not granted 
but additional channels were made available to the spe- 
cial emergency service and, thus, were made available 
on a shared basis with 15 other classes of users to the 
power utilities. As may well be imagined, the restrictive 
rules of the special emergency service retarded develop- 
ment, and by 1944 the power utilities were operating 
only 55 systems with less than 1,000 transmitters. This 
compares with the 2,000 systems and 135,000 transmit- 
ters operating today. 

Here is an excellent example of restrictions by a regu- 
latory body which hampered rather than helped de- 
velopment. There was no incentive for the manufac- 
turers or any other group to make active technical 
development, inasmuch as the severely limited use to 
which radio could be put would not warrant the ex- 
pense in most cases. 

It should be noted, however, in all fairness to the 
regulatory bodies, that even if the rules had provided 
for more extensive use of the radio spectrum by indus- 
tries such as the utilities, the equipment available and 
the then-existing state of the art would not, in general, 
have made the use of radio immediately practicable. 
However, it would have stimulated development. 

As the art advanced and as higher and higher fre- 
quencies came within the realm of practicality insofar 
as mobile equipment was concerned, and with the ac- 
companying lowering of cost of equipment, more and 
more utilities turned to mobile radio as one of the only 
possible ways in which their operating costs could be 
held down in the face of rising material and labor costs. 
This justification did not even take into consideration 
the safety of life and property which was often com- 
pletely dependent upon the use of such radio systems. 

To return to the matter of split channels, one of the 
functions of Committee 4, Panel 13 of the RTPB was 
to make a survey in 1944 of what the utilities industry 
felt would be their requirements when and if radio 
channels and equipment became available after World 
War II. Based upon this survey, the committee devel- 
oped well-supported estimates of channel requirements. 
These estimates made it evident at an early stage that 
no compromise solution would be reached because the 
demand for channels far exceeded the total supply, with 
no allowance for government needs, which at the time 
were unknown because of war restrictions on data of 
this nature. 
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The FCC recognized the failure of RTPB to resolve 
this obviously impossible situation. The Commission 
started hearings in 1944 and in 1945 issued the Alloca- 
tion Report creating the various services which now 
exist, including the Industrial and Special Services Sec- 
tion which includes the Power Service. After a rather 
lengthy procedure and controversy, finally settled in 
1947, an allocation of a total of 31 channels was made 
to the power utilities. A rearrangement of assignments 
and general reallocation was made again and resulted 
in 8 additional channels. 

It is in such allocations and rule-making proceedings 
that regulatory bodies such as the FCC must exercise 
the wisdom of Solomon and the patience of Job. They 
must select tolerances and bandwidths which will pro- 
vide the most channels and best service for users and yet 
which are within the realm of practicality for commer- 
cially available equipment. 

To make the requirements too stringent would, in 
effect, hamstring and curtai] the use of radio, be- 
cause equipment would be too expensive, if available 
at all. On the other hand, to make requirements too 
loose would be equally unsatisfactory. In such a case, 
technical advances which might normally be expected 
would soon make obsolete the then-available equip- 
ment. Wise users would be reluctant to purchase such 
equipment knowing that technical advances and more 
stringent regulations would soon reduce the value and 
usefulness of their equipment. 

Thus, the dilemma presented to the regulatory 
bodies: to make requirements as stringent as possible, 
limiting present use and its value but forcing technical 
developments and increasing the future value of the 
present assignments, or to make equipment require- 
ments “soft” and within the capabilities of commercially 
available equipment, increasing the present and de- 
creasing the future value of the spectrum. 

A “dilemma” is defined by Webster as, 
involving the choice between equally unsatisfactory 
alternatives,” or, “An argument presenting an antago- 
nist with two or more alternatives equally conclusive 
against him whichever he chooses.” A more accurate 
description of the position of the FCC in the establish- 
ment of technical requirements and standards could not 
be written. The Commission was bound to be criticized 
no matter which path it took. 

Fortunately all three parties at interest in the 1947 
hearings—the mobile radio users, the FCC and the man- 
ufacturers—realized that the equipment standards estab- 
lished were of an interim nature, and proceeded to an- 
ticipate and work towards even more refined equipment 
capable of upgrading and increasing the value of the 
usable spectrum by allowing more traffic or information 
to be carried in the same amount of spectrum space. 
This, in essence, is the purpose of the so-called “channel 
splitting.” 

The manufacturers proceeded with the development 
of more refined equipment capable of operating in nar- 
rower channels and the user groups undertook the task 
of informing their members of the anticipated growth 


“A situation 
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ZONES AND PRIME FREQUENCIES 
(FREQUENCIES IN MC) 





Fig. 1. Fr 





q t plan used by 


and the complications and changes which might result 
therefrom. 

Consequently, as soon as the manutacturers made it 
available, many users began to buy equipment capable 
of operating on reduced channel widths. NCUR itself 
went on record in 1953 as urging the FCC to proceed 
with the rule-making proceedings which would make 
the narrower bandwidths available to the users. This 
was less than 5 years after the channel assignments 
using the 40-kv bandwidth and the 30- to 50-mc band 
and the 60 channel separations in the 150- to 160-mc 
band had been made. 

There was a considerable amount of protest from 
those who could not see the immediate need for addi- 
tional channels nor the disastrous consequences which 
would result from delaying too long before tightening 
up the technical requirements. It was felt by NCUR 
and other user groups, as well as the FCC, that the use- 
fulness of the mobile radio would be seriously limited 
if more channels were not made available within a rea- 
sonable length ot time. 

Here was an excellent example of the “leap trogging” 
of regulation and technical advances. In this particular 
case, the narrow-band equipment was available at a 
reasonable cost before the regulations were changed to 
require it. However, for the regulatory body to have 
acted sooner would have made a great deal of equip 
ment technically obsolete unnecessarily soon. 

The manufacturers of equipment also agreed gen- 
erally with the idea of splitting channels, but the sug- 
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the National Committee for Utilities Radio. 


gested technical requirements which they proposed 


varied widely. The rule-making which finally resulted 
set up technical requirements as to frequency stability, 
bandwidths, modulation deviation, etc., which were, in 
general, as stringent as the most stringent requirements 
proposed by any of the manufacturers. 

Here was an excellent example of “needling” or the 
providing of an incentive for the manufacturers by the 
regulatory body. It would have been pointless, of course, 
for the FCC to set up requirements which could not 
be met, since this would merely stifle further develop- 
ment and the expanded use of the radio spectrum. 

The further progress of the various split-channel 
dockets will not be traced here, but it is enough to say 
that it illustrates very clearly the interdependence of 
technical advances and regulation. 

Still another very obvious example of this interplay 
has been the progression of higher and higher fre- 
quencies from the experimental through the develop- 
mental and into the “regular” status. 

For instance, the 450-mc range was considered strictly 
experimental only a few years ago, insofar as mobile use 
is concerned, but it has now progressed through the 
developmental status and is now in great demand on a 
regularly assigned basis. Making such frequencies avail- 
able on a developmental basis served as a stimulus to 
the manufacturers to develop equipment which could 
be made commercially available. 

Here again the dilemma presents itself to the regula- 
tory agency: should it keep the portion of the spectrum 
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Table I. Table of Frequencies 





Zones or Regions 
B Cc D E F G a 
Order of Preference — Top to Bottom 





47.76 
48.16 
48.34 
47.94 
37.66 


47.88 
48.28 
48.46 
48.06 
37.54 


48.44 
48.04 
48.22 
47.82 
37.78 


47.84 
48.24 
48.42 
48.02 
37.58 


48.48 
48.08 
48.26 
47.86 
37.74 


48.24 
48.16 
48.02 
47.94 
37.66 


47.84 
47.76 
48.42 
48.34 
37.58 


48.32 
47.92 
48.10 
48.50 
$7.50 


48.28 
47.88 
48.06 
48.46 
37.54 


48.40 
48.00 
48.18 
47.78 
37.82 


48.32 
48.28 
48.10 
48.06 
37.54 


47.92 
47.88 
48.50 
48.46 
37.50 
48.12 
48.52 
47.90 
48.30 
37.70 
48.20 
47.80 
47.98 
48.38 
37.62 


48.52 
48.12 
48.30 
47.90 
37.70 


47.96 
48.00 
47.74 
47.78 
37.86 


48.36 
48.40 
48.14 
48.18 
37.82 


48.28 
47.88 
48.06 
48.46 
37.54 


48.04 
48.44 
47.82 
48.22 
37.78 


48.36 
47.96 
48.14 
47.74 
37.86 


47.92 
48.32 
48.50 
48.10 
$7.50 


48.00 
48.40 
47.78 
48.18 
37.82 


48.08 
48.48 
47.86 
48.26 
37.74 
48.20 
47.80 
47.98 
48.30 
37.62 


48.28 
47.88 
48.06 
48.46 
37.54 


47.80 
48.20 
48.38 
47.98 
37.62 


47.96 
48.36 
47.74 
48.14 
37.86 


48.00 
48.40 
47.78 
48.18 
37.50 
48.32 
47.92 
48.10 
48.50 
37.82 


48.12 
48.52 
47.90 
48.30 
37.70 


48.08 
48.48 
47.86 
48.26 
37.74 


48.28 
47.88 
48.06 
48.46 
37.54 


48.24 
47.84 
48.02 
48.42 
37.58 


48.00 
48.40 
47.78 
48.18 
37.82 


48.00 
48.40 
47.78 
48.18 
37.82 


48.16 
47.76 
47.94 
48.34 
37.66 


48.08 
48.48 
47.86 
48.26 
37.74 


48.12 
48.52 
47.90 
48.30 
37.70 


47.96 
48.34 
47.74 
48.14 
37.86 


48.12 
48.52 
47.90 
48.30 
37.70 


48.20 
47.80 
47.98 
48.38 
37.54 


48.28 
47.88 
48.06 
48.46 
37.74 


48.08 
48.48 
47.86 
48.26 
37.74 


48.16 
47.76 
47.94 
48.34 
37.66 


48.28 
47.88 
48.06 
48.46 
37.54 


48.04 
48.44 
47.82 
48.22 
47.78 


48.12 
48.52 
47.90 
48.30 
37.70 


48.20 
47.80 
47.98 
48.38 
37.62 
48.00 
48.40 
47.78 
48.18 
37.82 





in question on a developmental basis, thus stimulating 
technical advance yet giving adequate warning to 
potential users that equipment obsolescence will be 
rapid as better and more refined equipment is devel- 
oped? This course of action certainly decreases the 
present value and hinders the usefulness of the band 
since prudent users will tend to wait for a stabilizing or 
some sort of standardizing of equipment. Yet the alter- 
native—adoption of too stringent standards and putting 
tne band on a regular basis too soon—would serve as a 
major obstacle to further technical advances and thus 
limit the future value. 

Exactly the same sort of question now presents itself 
to the FCC with regard to the use of frequencies around 
900 mc for mobile use. 

Such questions and dilemmas also present themselves 
to the users of mobile equipment, the manufacturers, 
and the regulatory agencies with regard to many other 
facets of the mobile radio field. The development of 
facsimile equipment for mobile use, for instance, and 
still greater spectrum utilization through measures other 
than the mere reduction of channel width and modula- 
tion. One of the more widely publicized of these other 
measures is single-side-band equipment. But still others 
may be in the offing, such as time-division multiplexing 
for mobile systems or, as has been suggested, a form of 
modulation operating at right angles to both the elec- 
trostatic and electromagnetic lines of force of the 
radiated field! Fanciful? Probably, but it may be safely 
assumed that the regulatory agency involved will con- 
tinue to help break the trail while sitting firmly astride 
the horns of its ever-faithful dilemma. 


Appendix 


The frequency assignment plan now used by the 
NCUR in its recommendations was developed in 1947 
by George Underhill and was used unchanged until 
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1958 when it was modified somewhat to take into ac- 
count the newly authorized “splits.” 

The Underhill Plan is based upon the simple theory 
that, within rather indefinite limits and with consider- 
able variation in rate of change, the amount of inter- 
ference, as measured by the ratio of hours during which 
interference may be experienced to total hours, which 
may be expected to result from sporadic E and F layer 
refractions, increases as the distance between a receiver 
and an offending transmitter increases. It follows that 
if the total number of transmitters on a single channel 
can be so distributed geographically as to be a maxi- 
mum within a definite base area and to gradually de- 
crease in density and in total number as the distance 
from that base area increases, a condition tending to 
counteract the increase in interference will result. 

In operation, the Underhill Plan assigns certain 
“prime” frequencies to each of 10 regions, each region 
being one of the “base areas” described in the foregoing. 
These frequencies may be used in any combination 
within the region, but other regions may assign them 
only as they occur in the priority or sequence list. Fig. 
1 shows a map of the regions and Table I gives the 
sequence lists. The position on the sequence list for 
each frequency for each region is based upon the like- 
lihood of “skip” or sky-wave interference in that region 
from the region in which the frequency in question is a 
“prime” frequency. 

For example it will be noted that the second choices 
for frequency assignments in Region A are the prime 
frequencies of Region E. This is because Regions A and 
E are situated geographically so that skip interference 
is a minimum between them. 

Conversely, the fifth choice for Region A is the set of 
frequencies assigned as prime frequencies to Region F 
since these two regions are located so that the possibil- 
ity of skip between them is greater than, for instance, 
Regions A and E. (It should be noted that only half 
the table of frequencies used by NCUR is shown in 
Table I, choices 6 through 10 for each region or zone 
being omitted for the sake of clarity.) 





All-Aluminum Connectors 


Huge all-aluminum flexible connectors for an 11,000- 
ampere 19-inch-diameter tubular aluminum bus have 
been produced by the Delta-Star Electric Division, H. K. 
Porter Company, Inc. Each unit measures 28 inches in 
length and 28 inches across the two terminal taps. 
Welded construction, except for transformer lead con- 
nections, is used to provide a minimum of current in- 
terchange surfaces. 

In order to facilitate field installation, the units are 
supplied with a short section of aluminum bus welded 
into the connectors. This allows a simple tube-to-tube 
butt weld to be made in the field. 


1199 





A New Electrical Research Laboratory 


F. E. ANDREWS 
FELLOW AIEE 


The research laboratory described is a compre- 
hensive facility, capable of duplicating system 
operating conditions. Its principal function is 
the development and engineering of electrical 
and line construction products for power trans- 
mission and distribution systems. 


HE POSTWAR DEVELOPMENT of electric 
power systems has been characterized by increas- 
ingly severe requirements of electric apparatus 
in terms of large short-circuit currents and high volt- 
ages. To fulfill the industry's needs for improved equip- 
ment to meet these new requirements, and to provide 
facilities for general research and testing in this field, 


Fig. 1. Over-all view of laboratory 

Hubbard and Company placed in operation during 
1958 a new electrical research laboratory at McCook, 
Ill., near Chicago. This laboratory is a fully integrated 
facility, capable of duplicating system operating condi- 
tions, where both electrical and line construction prod- 
ucts for power transmission and distribution systems 
and for wire communication systems can be developed 
from the inception of ideas to fully tested production 
items. Among the more important features are the 
power laboratory, the impulse and high-voltage labo- 


Condensation of paper 59-60, recommended by the AIEE Protective 
Devices Committee and approved by the AIEE Technical Operations 
Department for presentation at the AIEE Winter General Meeting, 
New York, N.Y., Feb. 1-6, 1959 Published in AIEE Power Apparatus 
and Systems, Aug. 1959, pp. 489-98 


F. E. Andrews and 
McCook, Ill 


Alex Vitkus are with Hubbard and Company, 


The authors wish to acknowledge the work of Dr. C. S. Sprague in the 
design, development, and construction of the 3$,000,000-volt and the 
80-kilowatt-second high-current surge generators described in this article. 
These generators were originally built under his direction at Purdue 
University.’ 
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ALEX VITKUS 
MEMBER AIEE 


ratory, model shop, and indoor and outdoor mechanical 
laboratories. Fig. 1 shows an over-all view of the labo- 
ratory. Its general plan and size are shown in Fig. 2. 

The 63- by 68-foot high bay portion of the laboratory 
building houses the high-voltage equipment and most 
of the other electrical test equipment not in the power 
laboratory. Its height, 57 feet to the roof trusses, was 
determined by the 24-foot clearance required from the 
top of the high-voltage surge generator. 


POWER LABORATORY 


THE POWER LABORATORY is shown at the left of both 
Figs. | and 2. It duplicates power system operating 
voltage and current conditions, especially with respect 
to short-circuit testing of protective devices. The prin- 
cipal elements and connections are shown in Fig. 3. 

Test energy supply is at 138 kv single phase line to 
line, from a short radial circuit originating at a major 
transmission substation of the local utility. High- 
capacity transmission lines from several principal gen- 
erating sources converge at this substation. 

Transformation to test voltages is provided by a 
Class OA 2-winding transformer designed for an inter- 
mittent maximum short-circuit duty cycle of six 12-cycle 
tests per hour. Voltage rating is 138/18 kv through 1.5 
kv in 1.5-kv increments, with each of the low voltages 
obtained through selective use of taps brought out 
through 10 roof bushings. Connections from these low- 
voltage bushings to the main test bus are completed 
through selector disconnect switches which can be 
closed in the proper combinations to provide the test 
voltages and capacities desired. The low-voltage wind- 
ing consists of two 9-kv sections which can be used 
singly or in parallel for voltages of 9 kv and less to 
obtain two ranges of capacity and impedance. The two 
sections in series provide voltages between 9 kv and 
18 kv. The transformer is capable of delivering 254,000 
kva asymmetrical, from an infinite bus. 

Adjustments of test current, power factor, and re- 
covery voltage are accomplished in the circuit-adjust- 
ment bay, shown in Fig. 4, by connecting appropriate 
reactors, resistors, and capacitors into the circuit ahead 
of the test specimen. A number of transformers also 
are employed to obtain voltages and currents outside 
the range obtainable directly from the main trans- 
former. For this purpose, the following major trans- 
formers are being added to the power laboratory: 

1. A series regulating transformer on the load side 
of the main transformer to provide voltage steps as low 
as 0.33 per cent above or below the main transformer 
output voltages. 


ELECTRICAL ENGINEERING 





Fig. 2 (left). Plan of laboratory. 


1-138-kv oil circuit breaker 
2-Main test transformer 








3—Overcurrent protection bay 
4—Impedance and transformer bays for circuit adjustment 








5-Test bay 





6-Safety viewing room 

7-Test cell 

8-Initiating surge generator 
9—High-current surge generator 
10-High-voltage surge generator 

11-600-kv 60-cycle test set 

12-Power laboratory cable terminal 
13-Distribution-equipment life test structure 











14—4-kv transformer station 

15—Control room and master console 

16-Photographic laboratory 

17-Universal mechanical testing machines 

18-Model shop 

19-Insulating materials laboratory 

20-Analytical laboratory 

21-Offices and drafting room 

22-Conference room, library, and high bay laboratory ob- 














servation room 
23-High bay laboratory 
24—Wiring trenches 





25-D-c battery room 








2. A high-current low-voltage transformer to provide 
short-time test currents as high as 200,000 amperes rms 
for 4 seconds. 

3. An auto-transformer, 18/27-36 kv, to provide full 
power laboratory capacity at voltages between 18 and 
36 kv. 


The test specimen may be located in either the out- 
door barricaded test bay or the enclosed test cell shown 
in Fig. 5. The latter is a reinforced-concrete impact- 
resistant fireproof structure, suitable for testing oil- 
filled or other equipment for additional safety in case 
of an oil fire or flying parts. An overhead line extends 
beyond the test cell. This may be energized from the 
test bus, and is useful for testing varied construction 


DISC. AND SAFETY 
GROUND SWITCHES 


AND WITH OCB 
138 /1.5-18 KV 
TRANSF. 


INTERLOCKED MUTUALLY 


and equipment under actual line operating conditions. 

Primary overcurrent protection is provided by the 
138-kv oil circuit breaker and its overcurrent induction 
relays. Power fuses or expulsion fuse cutouts, used ac- 
cording to duty required for the particular tests, pro- 
vide overcurrent protection for normal testing, with 
back-up protection by the low-voltage oil circuit breaker 
and its relays. 

Power laboratory test operations for overcurrent pro- 
tective equipment tests are normally initiated by fir- 
ing a small surge generator to sparkover the initiating 
gap in the test circuit. For combined power and surge- 
current testing, as for lightning arresters, the test is 
initiated by applying the test surge directly to the test 
specimen. The tes: is precisely initiated at any selected 
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TO HIGH BAY LAB. 


Fig. 3. Power laboratory connection diagram. 
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for discharge. A column of capacitors shunted by resis- 
tors, seen in front of the generator, assists in shaping 
the output wave, serves as a divider for voltage meas- 
urement, and provides tap-off points for test voltages 
intermediate between the three established output 
voltages. 

The high-current surge generator, shown schemati- 
cally in Fig. 7, has maximum ratings of 80 kilowatt- 
seconds and 150,000 and 300,000 amperes crest at 100 
kv and 50 kv, respectively. Practical output current 
crest with circuit constants adjusted to produce a 
standard 10x20-microsecond current wave at 100 kv is 
approximately 100,000 amperes. The connecting bus 
work and test specimen are located in the center to 
provide the lowest impedance. 

Deflection pulses from the high-voltage and _ high- 
current surge generators are brought into the control 
room for instrumentation, by coaxial cables in copper- 
lined troughs. 

The laboratory also has three other surge generators, 
all portable, for use either inside or outside in the 
power laboratory. Their voltage ratings are 500 kv, 
250 kv, and 125 kv. Each can be operated either from 
an individual console at the site where located, or from 
the master control console. They can be used sepa- 
rately or combined and co-ordinated with the larger 


Fig. 4. impedance section of circuit-adjustment bay. 


point on the 60-cycle voltage wave by a synchronously 
rotating device which triggers the surge generator. 
Rotating the synchronous motor frame adjusts the 
firing angle and produces a predetermined condition 
of short-circuit current asymmetry. 


SURGE GENERATORS 


THE HIGH-VOLTAGE surge generator’ shown in Fig. 6, 
has maximum ratings of 3,150 kv and 40 kilowatt- 
seconds. Taps divide the generator into sections to 
provide lower voltages. Practical maximum output 
voltage is 2,450 kv for the 114x40-microsecond wave 
for which the generator is normally arranged. Crest 
voltages of 950 kv and 350 kv are available from the 
tapped sections. The generator is comprised of 32 
capacitors connected in the special Marx circuit shown 
in Fig. 7. Its distinctive feature is the elimination of 
interstage resistors usually used in the conventional 
Marx circuit. This provides more effective charging 
and reduces energy losses during discharge. It is made 
possible by mechanical switching of charge and dis- 
charge gaps and connections. The charging contacts 
and discharge gaps are mounted on four vertical shafts 
extending from bottom to top through the center of 
the generator. They are rotated between charge and dis- 


charge positions by a compressed air actuator to COM tig, 5. Gadoned test coll end entdece test crea. Saléty viewing room ts 
nect the capacitors in parallel for charge and in series qt rear of test cell. 
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Fig. 6 (left). High-voltage surge generator. Fig. 7 (above). Simplified circuit diagram of main 


surge generators. 


surge generators for investigation of multiple-surge 
phenomena and surge and power follow investigation. 
For such work, 60-cycle power is available inside 
through an underground cable connection from the 
power laboratory. 


CONTROL AND INSTRUMENTATION 


CONTROL AND INSTRUMENTATION for the entire labo- 
ratory are centered in the master control console, in a 
room with windows overlooking the high bay labora- 
tory. Twelve main panels cover the full range of test 
operations. Fig. 8 shows the right-hand section of the 
main console, Each panel is equipped with meters and 


devices to implement the control and operating func- 
tion for which it is intended and to give readings of all 
electrical or other relationships applicable to that func- 


tion. 

The two power laboratory panels include the usual 
oil circuit breaker controls, voltmeters, and ammeters. 
They also have mimic busses and solenoid-operated 
mimic switches to represent disconnect switches. A dial 
switch associated with a system of indicating lights and 
operating mechanism interlocks assures correct opera- 
tion of the test transformer voltage-selector disconnects. 
Certain of the disconnect switches have photoelectric 
relays operated from targets on the switchblades to 
indicate, at the console panel, the switch position. 

To provide personnel safety, the power laboratory 
test initiation circuit is completed through interlocks 
on the yard gates and finally through a foot switch in 
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the test area viewing room. This permits the test moni- 
tor to stop a test if the power laboratory yard is not 
clear of personnel or if other questionable conditions 
develop. A reversible loudspeaker—microphone arrange- 
ment provides continuous communication between the 
control console operator, the yard area, and the test 
viewing room, 


Fig. 8. Master control console, right-hand section. Oscillograph con- 
sole is at right. 


Console panels are provided for each of the several 
surge generators and the two 60-cycle high-voltage test 
sets. A wet-flashover test panel monitors water precipi- 
tation rate, conductivity, and pressures. 

Ihe console provides complete automatic timing and 
sequencing of test operations for both power and surge 
laboratories. This includes charging and triggering of 
surge generators, starting and stopping of oscillographs 
and test initiation. A 
sequence may be started by push button control or it 
may be set up for automatic repetitive starting. 


and motion-picture cameras 
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OSCILLOGRAPHY 


A CATHODE-RAY OSCILLOGRAPH is provided for observ- 
ing and recording surge and other transient phenom- 
ena. Its portable console, with control equipment and 
instruments, is normally used inside a metal mesh 
enclosure electrically shielded and isolated from other 
equipment except for a single ground connection com- 
mon with the surge generator in use. Power for the 
oscillograph is supplied from a single-phase 120-volt 
a-c generator inside the cage, driven by an insulated 
shaft coupled to a motor outside. 

Both pen writing and photographically recording 
magnetic oscillographs are used for power system re- 
cording. They can be located either at the test site, 
in the control room, or in the photographic laboratory. 
Their operations may be controlled automatically either 
from the master console or from one of the portable 
consoles, 


PHOTOGRAPHY 


PHOTOGRAPHY is an important tool of the laboratory 
for both analytical and record work. Ultrahigh-speed 
motion-picture photography is used extensively. For 
this, a rotating-prism camera with speeds up to 8,000 
frames per second is employed. To provide adequate 
lighting for the short exposure associated with such 
high speed, a recently developed high-intensity xenon 
quartz bulb lamp is used. The camera and lamp have 
a co-ordinated timing controi tied in with the control 
console so that their operations are properly timed 
and integrated with the entire test operation. 

Conventional still and motion-picture cameras are 
used widely. A photographic laboratory is provided 
for on the job processing and for general photofinishing. 

With these facilities, it is possible to carry on prac- 
tically any type of photography and to reduce to slow 
motion such extremely fast movement as occurs with 
circuit breaker or fuse cutout mechanisms subjected 
to forces associated with electric arc extinction, 


OTHER FACILITIES 


A NUMBER OF OTHER FACILITIES round out ability of 
the laboratory to conduct the wide variety of work 
required for development, engineering, and testing of 
products for power and communication utilities. Instal- 
lation of some of these is still in progress. Among the 
more important of such facilities are the following: 


1. Power-frequency high-voltage test sets with maxi- 
mum voltages of 600 kv and 100 kv. 

2. Portable consoles for contro] and instrumentation 
at the test site. 

3. Wet-flashover test equipment 

4. Heat-run test equipment, complete with current 
supply, portable console, and automatic temperature 
recorder, to provide continuous currents up to a maxi- 
mum of 40,000 amperes. 

5. Insulating materials laboratory. 

6. Analytical laboratory for physical and chemical 
testing. 
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Fig. 9. Universal testing machine. Deflectometer is at left and graphic 
recorder at right. 


7. Mechanical laboratory with universal testing ma- 
chines, equipped with load-deflection graphic recorders, 
as shown in Fig. 9. 

8. Outdoor mechanical test installation for tull-scale 
testing of line hardware and structures. 
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Giant “Four-Leaf Clover” 


Appearing as a giant four-leaf clover is one of the 
two propellers that will drive the cruiser U. S. S. Long 
Beach, the Navy's first atomic-powered surface ship. 
The two reactor plants were designed and developed 
by Westinghouse Electric Corporation for the Naval 
Reactors Branch, U. S. Atomic Energy Commission. 
Bethlehem Shipbuilding Division of Bethlehem Steel 
Company is the designer and builder of the guided- 
missile cruiser, which is 721 feet long. 
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Abstracts of AIEE Technical Papers 


COMMUNICATION DIVISION 


59-194. A Design for Using Closed-Circuit 
Television in Education. F. E. Almstead. 
A closed-circuit cable connects the public 
schools of one city and two rural systems in 
Cortland County, N. Y. The unique elec 
tronic circuitry was planned by Dage (a 
Division of Thompson Products), the New 
York Telephone Company, and the New 
York State Education Department, with 
specific operating and educational condi- 
tions in mind. Two fully equipped studios, 
two r-f channels, and adequate distribu 
tion systems within each school, including 
high-quality receivers, were installed. The 
talk-back system is an important feature in 
the project. It is hoped that experience 
with this installation will determine the 
number of pupils require: per mile of 
cable for an economically feasible opera 
tion. Broadcasting began on September 29, 
1958. (C&E, Sept. 1959, pp. 439-44.) 


GENERAL APPLICATIONS DIVISION 


59-247. Improved D-C High-Potential Test- 
ing of Insulation Systems in Low- and Me- 
dium-Voltage D-C Equipment. 4. M. Odok, 
T. M. Soelaiman. Testing of electric ap- 
paratus with d-c voltages has been used 
increasingly in recent years. In order to 
overcome some of the pitfalls of d-c step 
voltage testing, it is suggested that dis- 
charge detection methods be used to indi- 
cate any small charge shifts in the insula- 
tion. Such shifts in electric charges occur 
in increasing proportion as the breakdown 
voltage is approached, and are due to 
breakdown of minute conducting paths or 
ionization. Methods of detection of dis- 
charges and their interpretation are illus- 
trated with experimental results. (A&I, 
Sept. 1959, pp. 186-99.) 


59-864. Generator Insulation Systems De- 
velopment for Hypersonic Aircraft. W. B. 
Penn, R. L. Balke, F. M. Precopio. To com- 
ply with a U. S. Air Force contract which 
called for the development of an aircraft 
generator to supply electric power to hy- 
personic aircraft, required the develop- 
ment of an insulation system capable of 
operating at 500 C. Various materials and 
systems were investigated. A ground in- 
sulation of a flexible flake mica composite 
with an inorganic binder and a ceramic 
coating agent for the windings were found 
satisfactory, using a rigorous testing tech- 
nique and procedure also developed for 
this project. (A&I, Sept. 1959, pp. 255-58.) 


INDUSTRY DIVISION 


58-210. A Recommended Program for Re- 
sistance-Welding Instrumentation. 4. 
Dixon. Large potential savings in manu- 
facuring cost by standardizing resistance- 
welding procedures has influenced the 
united effort of research and manufac- 
turing people within the Westinghouse 
Electric Corporation to develop a system 
of instrumentation for the effective im- 
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REFERENCES which accompany these 
abstracts are to the current bi- 
monthly publications. Page num 
bers given will also apply to the 
corresponding part of AIEE Trans 
actions, vol. 78, 1959, when it be 
comes available in the Spring of 
1960. 
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Applications and In- 
dustry (A&I) 
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Systems (PA&S) 


Part II. 
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plementation of this program. This paper 
describes the development of acceptable 
practice based on a study of available in- 
struments and their performance. The cost 
and simplicity of use at the resistance-weld- 
ing machine operator level were major 
considerations. Recommended equipment 
and methods for machine calibration are 
discussed and typical work schedule charts 
illustrated. The system has proved highly 
practical in more than 7 years of produc 
tion use. (A&I, Sept. 1959, pp. 199-209.) 


59-218. A Relay-Type Feedback Control 
System Designed for Random Inputs. 4. M. 
Hopkin, P. K. C. Wang. A method is dem 
onstrated for designing relay-type control 
systems to be “optimum” for some classes 
of random inputs. “Optimum” is used in 
the sense that the system strives to zero the 
predicted error and its various order 
derivatives simultaneously in minimum 
time. Test data involving second-order con- 
trol systems so designed show excellent per- 
formance, provided that a prediction filter 
can be designed to predict the input signal 
with moderate accuracy for a reasonable 
time into the future. (A&I, Sept. 1959, pp. 
228-33.) 


INSTRUMENTATION DIVISION 


59-157. A Magnetic Amplifier Flow Con- 
troller. H. E. Darling. An all-magnetic 
amplifier controller is described, intended 
primarily for fast response (flow) industrial 
processes, using a 10- to 50-milliampere 
d-c input and output, and operates from 
60-cycle power. A process control signal, 
in opposition to a continuously adjustable 
set point signal, is applied to a 2-stage 
high-gain magnetic amplifier through a 
proportional-band adjustment. A portion 
of the output is degeneratively fed back 
to the input through an R-C network to 
produce resetting action. Proportional 
bands of 50 to 500%, and reset times of 
0.5 to 30.0 seconds per repeat are obtained. 
Excellent zero stability and frequency re- 
sponse result. (C&E, Sept. 1959, pp. 373- 
79.) 


59-158. An Impedance Bridge for Surface 
Temperature Measurement. R. J. Mouly. 


AIEE Abstracts 





The paper presents a special automatic 
impedance bridge based on a sinusoidal 
eddy-current technique. The instrument 
permits the accurate and reproducible non- 
contacting measurement of the electrical 
and magnetic properties of a conductive 
body placed in the immediate vicinity of a 
sensing probe. The instrument output is 
insensitive to the probe-to-surface spacing 
variations. The application of the instru- 
ment to the emissivity-free detection of the 
surface temperature variations of a metal- 
lic body is described. (C&E, Sept. 1959, 
pp. 388-93.) 


59-161. A Wide-Range Volt-Ampere Con- 
verter for Current and Voltage Measure- 
ments. F. L. Hermach, E. S. Williams. A 
“universal” volt-ampere converter has been 
developed for making current and voltage 
measurements with an accuracy of 0.05% 
at frequencies from 5 cycles per second to 
50 ke and also on direct current. With this 
single, self-contained, portable, 44-range 
instrument, a 1.5-volt d-c null-type poten- 
tiometer can be used to make a-c (rms) 
and d-c measurements from 7.5 milliam- 
peres to 20 amperes and from 0.5 volt to 
600 volts. With a more sensitive external 
galvanometer, the instrument can also be 
used as an a-c/d-c transfer standard for 
a-c/d-c difference measurements to 0.02% 
over the same frequency range. (CKE, Sept. 
1959, pp. 384-88.) 


POWER DIVISION 


59-11. Constant-Excitation Current-Locus 
Diagrams of Saturated Salient-Pole Syn- 
chronous Machines. S. A. Nasar. Constant- 
excitation locus diagrams of a synchronous 
machine predict the steady-state perform- 
ance of the machine under a wide range 
of operation. For ideal machines, where 
saliency and saturation are ignored, these 
diagrams are circles. However, for salient- 
pole saturated machines the diagrams 
deviate from being circular. The extent of 
deviation for a fixed excitation can be 
represented and compared on the locus 
diagrams. These diagrams for salient-pole 
machines may be drawn by using the 2- 
reaction theory. The effects of saturation 
can be included by using the numerical 
value of reactance corrected for saturation. 
(PA&S, June 1959, pp. 266-68.) 


59-58. Staged Fault Tests with Power-Line 
Carrier Transferred-Trip Relaying for 
Line Protection. D. E. Jones. Staged fault 
tests have been carried out on a 230-kv 
circuit in order to assess the reliability of 
power line carrier equipment for trans- 
ferred-trip relaying protection of transmis- 
sion lines. Arcing faults were applied to 
a line close to the carrier receiving termi- 
nal. It was found that carrier equipment 
will provide reliable tripping under these 
conditions at practical carrier power levels. 
(PAKS, Aug. 1959, pp. 588-95.) 
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59-60. A New Electrical Research Labora- 
tory. F. E. Andrews, Alex Vitkus. The new 
electrical research laboratory of Hubbard 
and Company at McCook, III. is a compre- 
hensive facility, capable of duplicating op- 
erating conditions. Its principal function 
is the development and engineering of 
electrical and line construction products 
for power transmission and distribution 
systems. Some of the more important fea- 
tures are: the power laboratory, with a 
wide range of voltages and currents ex- 
tending into the short-circuit region; the 
impulse laboratory for high-voltage, high- 
current, and multiple-surge testing; cen- 
tralized control and instrumentation, with 
automation for properly timed sequencing, 
oscillographic recording, and repetitive op- 
eration; power-frequency high-voltage test 
set; ultrahigh-speed motion-picture photo- 
graphing equipment; and the mechanical 
laboratory for full-scale testing of struc 
tures and line hardware. (PA&S, Aug. 1959, 
pp. 489-98). 


59-62. Iteration Methods for Digital Load- 
Flow Studies. J. E. Van Ness. In this paper 
a set of linear equations is develaped re- 
lating small changes in voltage magnitude 
and angle with corresponding changes in 
real and reactive power flow in a power 
system. Six different iteration methods are 
examined using these relationships. The 
different methods were tested experimen- 
tally with a 6-node sample problem to find 
the relative speeds of convergence. The 
results of this test are given in tabular 
form both in terms of the number of 
iterations needed and the time needed per 
iteration. (PAKS, Aug. 1959, pp. 583-88.) 


59-67. The British Columbia Electric Com- 
pany’s 360-Kv and 230-Kv Transmission- 
Line Design. L. H. J. Cook. This paper 
gives details of two 230-kv steel tower line 
designs and three 360-kv tower line de- 
signs. The tower loadings, insulation, and 
conductor clearances are discussed in de- 
tail, as are the factors of safety, their 
combination and application. The author 
points out that over the past 10 years the 
weight of steel required for both 230- and 
360-kv lines has been reduced substantially 
and that, as the weight of steel is one of 
the prime factors affecting the cost of line 
construction, this saving of weight has 
been reflected in a reduction in over-all 
costs. These weight savings have been 
achieved by reducing insulation require- 
ments, the use of longer spans and higher 
conductor tensions, and a reduction in fac- 
tors of safety arising out of a more realistic 
appraisal of tower loadings. The paper 
concludes with the statement that with the 
advent of extra-high-voltage transmission, 
a reassessment of design criteria becomes 
a necessity if transmission costs are to be 
kept within acceptable limits. (PA&S, Aug. 
1959, pp. 537-45.) 


59-80. A Correlation of the Present with 
a Proposed Standard Method for RIV 
Measurements on High-Voltage Devices. 
C. J. Miller, Jr. To investigate possible 
changes in RIV levels on high-voltage de- 
vices occasioned by reducing the radio 
noise meter detector charging time con- 
stant from 10 to 1 millisecond and the 
NEMA circuit impedance from 600 to 150 


1206 


ohms, RIV correlation tests were made 
using 17 different specimens including 
various line insulators, station equipment, 
conductors, and gaps. Results indicate that 
the combined effect of both changes pro- 
duced a negligible change in their RIV 
levels. Similar tests on 12 different speci- 
mens showed that Stoddard and Ferris 
radio noise meters, both with 1-milki- 
second time constants, agreed quite well 
with each other. (PA&S, Aug. 1959, pp. 
574-82.) 


59-82. Bundled Conductor Voltage Gra- 
dient Calculations. J. Reichman. Radio 
interference and corona loss studies on 
high-voltage transmission lines require a 
knowledge of voltage gradients which 
exist at the surface of conductors. This 
paper covers such calculations for extra- 
high-voltage lines using 2-, 3-, and 4 
conductor bundles. The results are pre- 
sented in graphical form so that bundled 
conductor designs, for any specified voltage 
gradient at line voltages up to 500 kv, can 
easily be obtained. (PA&S, Aug. 1959, pp. 
598-607.) 


59-96. Transmission Con.luctor Vibration 
Tests. M. B. Elton, A. R. Hard, A. N. 
Shealy. Improved measuring techniques 
are described with emphasis on results ob- 
tained to date from field and laboratory 
conductor vibration investigations. Experi- 
enced use of the Jaquet cycle counter on 
energized lines has shown it to be an 
economical aid in providing selective 
damping at substantial savings. 

Results of cyclic strain measurements on 
an operating 345-kv line are described 
with curves included showing strain level 
distribution, correlation with time of day, 
frequency, and wind. Some results have 
more than offset the cost of vibration re- 
search. (PA&S, Aug. 1959, pp. 528-37.) 


59-142. The Establishment of a Base for 
Class A Random-Wound-Motor Insulation 
Life by AIEE Standard No. 510 Test 
Procedure and its Correlation with Field 
Experience. R. L. Balke, D. R. Blake. The 
AIEE Standard no. 5/0 Test Procedure 
has, in general, been well accepted by the 
electrical industry as an accelerated test 
method for comparing and predicting life 
and performance of insulation systems for 
random-wound electric machinery. This 
paper presents motor test data, collected 
by this procedure, comparing the perform- 
ance and life of a modern Class A insula- 
tion system with that of a Class A system 
used in the industry on small motors since 
1941. The modern system provided ex- 
ceptionally longer life than the system in 
use since 1941. However, a degree of cor- 
relation was shown for extrapolated life 
of the system in use since 1941 and the 
actual life demonstrated by this same sys- 
tem in field service. In addition to provid- 
ing more data to the aggregate now being 
collected within the industry, and accord- 
ingly establishing more confidence in a 
base insulation life for the AIEE 510 
Procedure, these data indicate extrapola- 
tion of accelerated test data collected by 
this method are reasonably accurate for 
predicting life at normal operating con- 
ditions. (PAXS, Aug. 1959, pp. 660-65.) 


AIEE Abstracts 


SCIENCE AND ELECTRONICS DIVISION 


59-102. A Theoretical Analysis of the Et- 
fects of an Electric Field on the Charging 
of Fine Particles. A. T. Murphy, F. T. 
Adler, G. W. Penney. The charge imparted 
to fine (less than | micron in diameter) 
particles is determined by considering the 
random heat motion of ions in a unipolar 
discharge. It is shown that the effects of 
the strong electric field which were 
neglected in previous analyses are (1) an 
increased ion energy caused by its motion 
in the field, and (2) an increased ion 
density around the particle. The second 
effect is greatly predominant in molecular 
ion charging. The magnitude of this effect 
was determined approximately by digital 
computer methods. The results show that 
this effect may almost completely account 
for the higher charge found experimental- 
ly. (C&E, Sept. 1959, pp. 318-26.) 


59-145. Effects of Operation of Germanium 
Alloy Junction Transistors Above Rated 
Conditions. B. C. Spradlin. Twenty each 
of two similar types of germanium alloy 
junction transistors were subjected to each 
of several combinations of ambient tem- 
perature and power dissipation in a com- 
mon emitter circuit for 1,000 hours. Power 
dissipations employed were 100, 150, and 
200 milliwatts in ambient temperatures of 
100 C and 120 C for one type, and tem- 
peratures of 80 C, 90 C, and 100 C for the 
other type. Median variations of Igo, 1 zz0, 
hee, Reg, BVego, and Vpp with time are 
presented as curves. Also, estimates of the 
mean lives (using arbitrary failure criteria) 
of the transistors operating at the stress 
conditions of the exploratory experiments 
are given. (C&E, Sept. 1959, pp. 346-52.) 


59-148. Design of a Vertical Magnetic 
Recording Head with Large-Scale Models. 
J. T. Smith. In the field of magnetic re- 
cording, the physical dimensions of the 
recording heads are very small. As a direct 
consequence of this, to change one of the 
parameters in the recording head while 
holding all other variables constant is a 
difficult and expensive proposition. This 
paper describes a method in which large- 
scale models of recording heads are used to 
relax the precision of machining required 
to study the effect of several variables upon 
the resolution and amplitude of magneti- 
cally recorded signals. The technique is 
applied to the design of a vertical record- 
ing head. (C&E, Sept. 1959, pp. 357-62.) 


59-206. Field-Strength Measurements in 
Parallel-Plate Precipitators. J. S. Lagarias. 
The field-strength distribution between 
simulated parallel-plate precipitator elec- 
trodes was determined experimentally for 
several different geometries. Regions of 
high field strength were concentrated be- 
tween wire and plate. In other areas, the 
field strength was dependent on voltage 
and current flow. Increasing the discharge 
electrode wire-to-wire spacing in the range 
examined resulted in an increase per unit 
length of discharge electrode. The current 
per unit plate area was independent of 
the discharge electrode spacing. The pres- 
ence of dust loading altered the field 
strength as it changed the current flow. 
(C&E, Sept. 1959, pp. 427-33.) 
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INSTITUTE ACTIVITIES 


ATEE Celebrates 75th Anniversary 


of the Institute’s First Technical Meeting 


THE DIAMOND ANNIVERSARY ot 
AIEE’s first technical meeting, which was 
held in Philadelphia, Pa., on October 7-8, 
1884, at the time of the International Elec- 
trical Exposition, was celebrated with a 
dinner meeting on October 7, 1959. The 
meeting, held jointly with the Franklin 
Institute, provided a fit setting, inasmuch 
as it was the Franklin Institute which 
planned the International Electrical Ex 
position of 1884; and also, the first AIEE 
technical meetings were held in rooms 
under their auspices. After-dinner ad- 
dresses were given by L. F. Hickernell, 
past president of AIEE; J. H. Feote, pres- 
ident of AIEE; Brigadier General David 
Sarnoff; and Vice-Admiral J. T. Hayward, 
Deputy Chief of Naval Operations, U.S. 
Navy. President W. L. LePage of the 
Franklin Institute welcomed the 550 mem- 
bers and guests, expressed great pleasure 
at the close association with the AIEE, 
and introduced those at the head table. 
R. S. Hewitt, chairman of the Philadelphia 
Section, displayed “A Tribute to AIEE 
from the City of Philadelphia” which was 
signed by Mayor Richardson Dilworth 
(Electrical Engineering, November 1959, 
p. 1128). Arrangements for the meeting 
were made by R. L. Halberstadt, vice- 
chairman of the Philadelphia Section and 
chairman of the 75th Anniversary Meet- 
ing Committee. . 

During the day, two sessions were held 
which constituted a classified briefing on 
the subject, “Oceanography and Its Mili- 
tary Implications,” at which presentations 
were made by seven experts from the Of 
fice of the Chief of Naval Operations Re 
search and Development. The luncheon 
speaker was Dr. I. M. Levitt, director of 
the Fels Planetarium, whose subject was 
“Space Travel.’” More than 400 guests from 
various parts of the United States at- 
tended the classified meetings. 


The Institute and Philadelphia: 1884 


An historical resume of conditions in the 
United States at the time of the first AIEE 
meetings as well as an account of the open 
ing of the International Electrical Exhibi 
tion, and the reaction to the exhibits of 
Sir William Preece, AIEE’s first Honorary 
Member, were described by Past President 
Hickernell. He also commented on the 
particular significance of two of the papers 
presented at the historic first meeting. 
One paper, by Rowland R. Hazzard, 
AIEE’s first treasurer, demonstrated consid- 
erable foresight by presenting a colored 
cross-section drawing of a proposed layout 
for Broadway, New York City, with a sug- 
gested allotment of space for two local and 
two express subway tracks, pipes, con- 
Cuits, and all faciitties then foreseen. The 
other paper was by Edwin J. Houston, a 
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J. J. Barton Photo 


PARTICIPANTS in the Institute's 75th Anniversary Meeting were: (left to right) R. S. Hewett, 
chairman of the Philadelphia Section; AIEE President J. H. Foote; Past President L. F. Hickernell; 
and R. L. Halberstadt, chairman of the 75th Anniversary Committee. 


FEATURED speakers at 
the AIEE Diamond An- 
niversary celebration 
were: Brigadier Gen- 
eral David Sarnoff 
(left) and Vice-Admiral 
J. T. Hayward (right), 
Deputy Chief of Naval 
Operations, U.S. Navy. 


J. J. Barton Photo 


Philadelphian who was then head of the 
natural sciences department of Central 
High School. Entitled “Notes on Phe- 
nomena of Incandescent Lamps,” it dealt 
with an observation noted by Edison— 
known as the Edison effect—which actu- 
ally was thermionic emission upon which 
modern electronics is based. Although 
Edison had obtained the first patent in the 
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field of electronics in 1884, it was 20 years 
later that further development in this field 
took place. 

In conclusion, Past President Hickernell 
pointed out that the use of electricity in 
the exploration of space is just beginning 
and that electrical engineering and sci 
ence will continue to gain in importance 
because without it there could be no 
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THE DAVID SARNOFF MEDAL was presented to General Sarnoff (standing, right) by AIEE Prasi- 
dent J. H. Foote (standing, left) on the occasion of the 75th Anniversary Celebration of AIEE’s 


first technical meeting. 


space age. The complete address appears 
on pages 1152-57 of this issue. 


Presentation of David Sarnoff Medal 


The establishment of the David Sarnofi 
Gold Medal Award and the achievements 
of General Sarnoff were related by Pres 
ident Foote, who outlined David Sarnoff's 
rise to positions of board chairman and 
director of Radio Corporation of America 
Communications, Inc., and the National 
Broadcasting Company, from the time 
Mr. Sarnoff entered the radio communica 
tions field in 1906 as a messenger boy, and 
became a wireless operator for the Mai 
coni Company at Siasconset, Mass., two 
years later. The many honors he received 
include the Legion of Merit and the 
Medal for Merit, as well as the Army’s 
highest civilian honor, the Decoration for 
Exceptional Civilian Service. He was com 
mended for his great vision and foresight 
in conceiving the idea of the “Radio Mu- 
sic Box” in 1916, as well as forming the 
first radio broadcasting network in 1926, 
the introduction of television as a service 
to the American people in 1939, and set- 
ting the goal for compatible color tele 
vision which was approved by the Federal 
Communications Commission 
17, 1953. 

By authority of the Board of Directors, 
President Foote presented General Sarnoff 
with the first David Sarnoff Medal that 
contained the following citation: 


December 


“This special inaugural award of 
the David Sarnoff Medal is made to 
David Sarnoff October 7th, 1959 on 
the 75th anniversary of the first tech- 
nical meeting of AIEE in recogni- 
tion of his inspiring and courageous 
leadership in the advancement of the 
art and science of electronics.” 
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Address by General David Sarnoff 


In response, General Sarnofl stated that 
no one today could chart the course upon 
which humanity will travel for the next 
50 or 75 years. As an illustration, no one 
at the turn of the century would have 
mentioned Lenin, Stalin, Khrushchev, 
Hitler, Freud, or Michelson or Einstein, 
yet those few names have altered the course 
of history. He stated that it is not the 
known things that are always the most 
important, but the unknown, and_ those 
things which the human mind cannot 
envision and encompass that ultimately 
come to affect the whole universe. Speak- 
ing as a communications man, General 
Sarnoff asserted that all the developments 
since Morse invented the telegraph, Mar- 
coni the wireless, and others built on top 
of that, would prove of much less impor 
tance than the developments to come in 
the next 50 years, or in the next 20 years, 
and possibly within the next 10 years. 

Satellite within the 
coming decade were believed to be a cer- 
tainty; and, with one or two satellites 22, 
000 miles or so above the earth, by means 


communications 


of microwave radio relays, it might be 


possible to communicate with every part 


of the world, not only by telegraph, but 
telephone, television—even in color, with 
data-processing information and facsimile. 
It was also stated that the day might be 
seen when communication from person to 
person might be possible regardless of the 
shortage of frequencies, when each person 
will be able to carry a little pocket device 
able to transmit and receive and reach an- 
other person directly through microwave 
radio relays. 

In conclusion, General Sarnoff drew at- 
tention to the need for an understanding 
of the humanities in the field of science 
and technology, since, by virtue of modern 
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developments, there exists a much greater 
responsibility individually and selectively 
than heretofore. Science in its rapid strides 
has produced two devices which are capa- 
ble of destroying mankind as well as pro- 
viding beneficial services and goods. Hence, 
the engineer and the scientist must 
expand their own mental horizons. He 
considered the problem of the educator at 
the present time to be just as important 
as the problem of the inventor, if not 
more so, for education must be concerned, 
not only with knowledge, but must also 
train the individual to think. Wisdom 
must accompany knowledge, for knowl- 
edge without wisdom can create a great 
menace, and the new tools and instru- 
mentalities that have been invented must 
be used wisely if a catastrophe to mankind 
is to be avoided. 


Vice-Admiral Hayward's Address 


“Advance in Electrical Engineering Is 
Synonomous with ‘The Navy Research and 
Development Program’” was the subject 
of Vice-Admiral Hayward’s address. 

In his survey, he mentioned the fact 
that at about the time the Institute was 
founded in 1884 and just prior to the In 
ternational Electrical Exhibition, the 
USS. Trenton was being fitted with elec 
tric lighting. Three years later, United 
Services, the Army and Navy Journal of 
the day, noted that 150 ships had been 
fitted with electric lighting, and in 1890. 
electric welding was used aboard ships 
One year later, electric power on ship- 
board was in great demand for training 
and elevating heavy guns and for a variety 
of other applications. The telephone was 
already being considered for use aboard 
ship, and toward the turn of the century, 
the Navy was giving attention to the pros 
pects of wireless telegraphy. 

Those times produced technical leaders 
in the Navy of the calibre of Admiral 
S. M. Robinson, just as today, the upsurge 
of scientific achievement has produced 
officers such as Admiral H. G. Rickover. 
Admiral Robinson and others were instru 
mental in the introduction of electric drive 
to naval ships. The first application of 
turboelectric drive was to the collier 
Jupiter which, as a harbinger of things to 
come, was converted to the world’s first 
aircraft carrier, the USS Langley 

During World War I, electrical technol- 
ogy produced very-low-frequency radio 
useful to communicate with submarines, 
and in the 1920's, electrical technology 
brought forth a workable high-frequency 
radio. The aircraft and the submarine 
were the essential elements of military 
fighting power in World War II, and we 
were nearly defeated by both, but it took 
both to help win the war. The Admiral 
congratulated the engineers on the splen- 
did job done during the first threescore 
years of their existence as a technical en- 
tity and warned that engineers could not 
rest on their laurels. 

It was pointed out that the genius of 
the human mind has made available wea- 
pons that could conceivably incinerate the 
earth and exterminate all life. Again, the 
aircraft will soon be displaced by the 
ballistic missile and these together with 
the submarine comprise the principal 
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AIEE-IRE-ACM Eastern Joint Com- 
puter Conference* 

Statler Hilton Hotel 

Boston, Mass. 

November 30-December 3, 1959 


AIEE-IRE Midwest Symposium on 
Circuit Theory* 

Marquette University 

Milwaukee, Wis. 

December 1-2, 1959 


AIEE-NEMA Second Nationa! Con- 
ference on Application of Electrical 
Insulation* 

Shoreham Hotel 

Washington, D. C. 

December 8-10, 1959 


AIEE-IRE-ASQC Symposium on Re- 
liability and Quality Control* 
Hotel Statler 

Washington, D. C. 

January 11-13, 1960 


Winter General Meeting* 
Hotel Statler 

New York, N. ¥ 

January 31-February 5, 1960 


AIEE-IRE-U of P Solid State Cir- 
cuits Conference* 

University of Pennsylvania 
Philadelphia, Pa. 

February 10-12, 1960. 


Engineering Aspects of Magneto- 
hydrodynamics Conference 
University of Pennsylvania 
Philadelphia, Pa. 

February 18-19, 1960 

(Final date for +TP—closed, tCP 
Syn.—Dec. 4, CPMs—Dec. 15) 


AIEE-IRE-AEC-NBS Scintillation 
Counter Conference 

Shoreham Hotel 

Washington, D. C. 

February 25-26, 1960 

(Final date for +TP—closed, 
Syn.—Dec. 11, CPMs—Dec. 22) 


EJC Nuclear Congress 
New York Coliseum 
New York, N. Y 

April 3-8, 1960 


Southwest District Meeting 
Shamrock-Hilton Hotel 

Houston, Texas 

April 4-6, 1960 

(Final date tor +1 P—jan. 4, DPMs— 
Jan. 29) 


Electrical Engineering in Space 
Technology Conference 

Hotel Baker, 

Dallas, Texas 

April 11-13, 1960 

(Final date for +TP—Jan. 12, {CP 
Syn.—Jan. 26, CPMs—Feb. 5) 


AIEE Future Meetings 


East Central District Meeting 
Daniel Boone Hotel 

Charleston, W. Va 

April 12-14, 1960 

(Final date for +TP—Jan. 13, 
DPMs—Feb. 5) 


AIEE-ASME Railroad Conference 
Penn-Sheraton Hotel 

Pittsburgh, Pa. 

April 13-14, 1960 

(Final date for +TP—Jan. 14, {CP 
Syn.—Feb. 8, CPMs—Jan. 29) 


AIEE-ASME-IRE Automatic Tech- 
niques Conference 
Sheraton-Cleveland Hotel 
Cleveland, Ohio 

April 18-20, 1960 

(Final date jor tTP—Jjan. 19, {CP 
Syn.—Feb. 2, CPMs—Feb. 12) 


Paper and Pulp Conference 
University of Florida 

Tallahassee, Fla. 

April 21-22, 1960 

(Final date for +TP—Jan. 22, tCP 
Syn.—Feb. 5, CPMs—Feb. 16) 


Rubber and Plastics Conference 
Sheraton-Mayflower Hotel 

Akron, Ohio 

April 25-26, 1960 

(Final date for +TP—Jan. 26, {CP 
Syn.—Feb. 10, CPMs—Feb. 19) 


Great Lakes District Meeting 
Pfister Hotel 

Milwaukee, Wis. 

April 27-29, 1960 

(Final date tor tT P—jan. 28, DPMs 
—Feb. 22) 


North Eastern District Meeting 
Sheraton Biltmore Hotel 
Providence, R. I 

May 2-4, 1960 

(Final date for tT P—Feb. 2, DPMs) 
—Feb. 26) 


AIEE-IRE-ACM Western Joint Com- 
puter Conference 

Jack Tar Hotel 

San Francisco, Calit. 

May 3-5, 1960 

(Final date for tTP—Feb. 3, tCP 
Syn.—Feb. 19, CPMs—Feb. 29) 


AIEE-IRE-EIA-WCEMA Electronic 
Components Conference 
Washington, D. C. 

May 10-12, 1960 

(Final date for +TP—Feb. 10, {CP 
Syn.—Feb. 26, CPMs—March 7) 


Farm Electrification Conference 
Sheraton-Fontenell Hotel 

Omaha, Nebr. 

May 10-12, 1960 

(Final date for +TP—Feb. 10, {CP 
Syn.—Feb. 26, CPMs—March 7) 


Annual Cement Industry Technical 
Conference 

Pfister Hotel 

Milwaukee, Wis 

May 17-19, 1960 

(Final date for tTP—Feb. 17, {CP 
Syn.—March 4, CPMs—March 14) 


AIEE-ISA-ARS-IAS National Tele- 
metering Conference 

Marimar Hotel 

Santa Monica, Calif. 

May 23-26, 1960 

(Final date for +TP—Feb. 23, tCP 
Syn.—March 9, CPMs—March 18) 


Summer General Meeting 
Chalfont-Haddon Hall 

Atlantic City, N. J. 

June 19-24, 1960 

(Final date for +TP—March 21, {CP 
Syn.—March 31, CPMs—April 15) 


Pacific General Meeting 

El Cortez Hotel 

San Diego, Calit. 

August 8-12, 1960 

(Final date for +TP—May 10, {CP 
Syn.—May 20, CPMs—June 3) 


Aero-Space Transportation Confer- 
ence 

El Cortez Hotel 

San Diego, Calif. 

August 8-12, 1960 

(Final date for +TP—May 10, {CP 
Syn.—May 20, CPMs—June 3) 


AIEE-ASME Engineering Manage- 
ment Conference 

Morrison Hotel 

Chicago, Il. 

September 14-16, 1960 

(Final date for +TP—JjJune 16, {CP 
Syn.—July 1, CPMs—July 11) 


AIEE-ASME National Power Con- 
ference 

Bellevue-Stratford Hotel 
Philadelphia, Pa. 

September 21-23, 1960 

(Final date for ¢TP—June 23, {CP 
Syn.—July 8, CPMs—July 18) 


Fall General Meeting 

Morrison Hotel 

Chicago, Ll. 

October 9-14, 1960 

(Final date for +TP—June 10, JCP 
Syn.—July 21, CPMs—Aug. 5) 


*Final date tor submitting papers— 
closed 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Synopses should be di- 
rected to the District Meeting Com- 
mittee) 


Transactions and conference papers must conform to the requirements in Author’s Guide. 
For a copy, write to E. C. Day, AIEE, 33 W. 39th St., New York 18, N. Y. 
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military threats. Never before has the 
engineering profession been called upon 
to perform in the face of technical prob- 
lems as baffling as defenses against the 
nuclear submarine and the ballistic mis- 
sile. The bulk of the problems associated 
with today’s antisubmarine warfare and 
antiballistic missile warfare are electrical 
or electronic engineering problems. 


In conclusion, Admiral Hayward stated 
that the Navy man’s problems of the fu- 
ture will be greater than ever before, and 
he made a strong appeal to engineers to 
design equipment so that the frail human 
man would be able to cope with the prob- 
lems of defense against ballistic missiles, 
nuclear submarines, and thermonuclear 
warfare. 


Detailed Arrangements Made 
for 1960 AIEE Winter General Meeting 


THE AIEE Winter General Meeting will 
be held January 31-February 5, 1960 
Because of the large number of technical 
sessions covering all six technical divi- 
sions of the Institute, meetings will tke 
place in both the Statler-Hilton and the 
Sheraton-Atlantic Hotels, New York, N. Y 
As usual, the Statler-Hilton will be head- 
quarters for the meeting. 

As this is being written, 121 sessions 
are being organized and 218 formal papers 
have been submitted for consideration of 
publication in the Transactions. It may 
be expected that approximately 600 Trans- 
actions and Conference papers will be 
presented 


Informal Tea 


[his social gathering before the formal 
program begins has been enjoyed by more 
and more persons each year. This year, 
the informal tea will be held Sunday after- 
noon, January 31, from 4 p.m. to 6 p.m. 
in the Ballroom of the Statler. There will 
be no charge. 

From 2 p.m., the registration facilities 
will be open for those who wish to avoid 
the Monday morning rush. 


Hotel Reservations 


Blocks of rooms have been set aside at 
the Statler and Atlantic (formerly McA\Il- 
pin) and nearby hotels for members and 
guests attending the meeting. 

Requests for reservations should be sent 
to the following hotels at the daily rates 
indicated: 


Hotel Statler-Hilton (meeting headquarters), 

7th Ave., 32nd St. to 33rd St 

..$ 8.00 to $15.00 
11.00 to 20.00 
15.00 to 25.00 


Single Room 
Double Room 
Twin Bedroom 


Hotel Sheraton-Atiantic (formerly McAlpin), 
Broadway and 34th St. (also used for meetings) 
...§$ 8.50 to $14.00 
12.00 to 17.00 
14.00 to 18.00 


Single Room ........ 
Double Room 
Twin Bedroom 


All rooms have private bath and the 
rates quoted are subject to a 5% New York 
City hotel room tax. 

A request for reservations should be 
made to only one hotel and specific ref- 
erence to the AIEE meeting should be 
made, If the request cannot be filled, the 
hotel will automatically refer it to the 
Hotel Accommodations Committee whose 
duty it is to obtain a similar reservation 
at another nearby hotel. The hotel will 
confirm each request directly to the per- 
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sons attending the meeting. Because of 
crowded conditions in New York hotels, 
it is suggested that your reservations be 
made for arrival on Sunday to avoid de- 
lays in registration and the unavailability 
of rooms in the early morning of sub- 
sequent days. 


Smoker 


One of the social highlights of the Win- 
ter General Meeting will be the Smoker 
on Tuesday evening, February 2, in the 
grand ballroom of the Hotel Statler. 
Here will be found good food, good fel- 
lowship and top quality entertainment. 

The seating capacity has been reduced 
from previous years to permit a greater 
amount of comfort and better average en- 
joyment by the guests. For this reason it 
is strongly recommended that requests for 
tickets be sent in at an early date. The 
price of the ticket will be $11.50 and re- 
quests should be addressed to “AIEE 
Smoker Committee” at 33 W. 39th St., New 
York 18, N. Y., and accompanied by 
checks made payable to “Special Account, 
Secretary, AIEE.” 


Dinner-Dance 


The Dinner-Dance will be held Thurs- 
day evening, February 4, in the Hotel 
Statler. Dress will be formal. Write soon 
for reservations for tables for 10. The price 
this year is $13.50 per ticket and requests 
should be sent to “AIEE Dinner-Dance 
Committee” at 33 W. 39th St., New York 
18, N. Y., accompanied by checks made 
payable to “Special Account, Secretary, 
AIEE.” 


Panel Discussion 


Sponsored by the Electrical Techniques 
in Medicine and Biology Committee, a 
panel discussion will be held Thursday, 
February 4, beginning at 9 a.m., on the 
topic, “New Challenges to Electrical En- 
gineers from Medical and Biological Prob- 
lems.” Well-known investigators in the 
fields of physiology, radiology, biology, and 
space medicine will be present. 

Dr. A. R. Eckels, chairman of the elec- 
trical engineering department of the Uni- 
versity of Vermont, will be the moderator. 
Space medicine will be discussed by Dr. 
Albert Hetherington, technical director, 
Life Sciences Directorate, Air Research and 
Development Command. 
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inspection Trips 


A program of inspection trips is pres- 
ently being prepared which will include 
many of the more popular trips scheduled 
in prior years as well as others that have 
not been available previously. Included in 
the schedule are trips to: Bell Telephone 
Laboratories; Brookhaven National Lab- 
oratories; Consolidated Edison Company's 
Astoria Generating Station and Indian 
Point Generating Station; Fairchild Cam- 
era and Instrument; Holophane Light 
and Vision Institute; International Busi- 
ness Machines Corporation; New York 
Times; Okonite Cable Company; Public 
Service Electric & Gas Company’s Bergen 
Generating Station; Radio City Music 
Hall; Rambusch Decorating Company; 
Underwriters’ Laboratories; and United 
Nations General Assembly. 

As in the past, advanced registration will 
be accepted for selected tours. 


John Scott Award 


A feature of the meeting will be the 
presentation of the 1959 John Scott 
Award to D. A. Lyon (AM '29) of Wood- 
bridge, Conn., an American physicist. Dr. 
Lyon was honored for his invention of the 
method of producing the first practically 
useful optical coatings for the reduction 
of light reflection. 

The award, which consists of a copper 
medal, a scroll bearing the citation, and a 
cash prize of $1,000, was established by 
John Scott, a chemist of Edinburgh, Scot- 
land, who upon his death in 1816 be- 
queathed funds in trust to the City of 
Philadelphia to reward ingenious men and 
women who contribute useful inventions. 

Dr. Lyon’s invention—the method of 
producing optical coatings—placed on 
optical elements such as lenses, prisms, and 
the like, a very thin hard coating which 
greatly reduced light reflection from the 
surface. This reduction of reflection per- 
mitted more light to pass through the 
lens, making it much more useful. During 
World War II, the periscopes of American 
and other submarines had so many pieces 
of glass in the lens system that they could 
only be used in bright light. Dr. Lyon’s 
innovation so greatly improved the peri- 
scope that it was useful on very dark days 
and even at night. Improvements in 
cameras, field glasses, and many other 
optical devices have also been made 
through use of these optical coatings which 
are used on almost all such devices today. 


Ladies Entertainment 


The Ladies Entertainment Committee 
has planned an interesting program for 
the week. 

The Ladies Headquarters and Hospital- 
ity Room will be open throughout the 
week, and there will be a coffee hour each 
morning, Monday through Friday. 

The Ladies Program follows: Monday 
afternoon, a Get-Acquainted Tea will be 
held by courtesy of the Phelps-Dodge 
Copper Products Corporation. On Tues- 
day morning, the ladies will visit the new 
Guggenheim Museum. In the evening, the 
cocktail and ladies dinner party will be 
given, followed by entertainment. For 
Wednesday morning, a visit to “The Dec- 
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orators Mart” is scheduled. Breakfast will 
be served at Altman’s Thursday morning. 
This will be the 10th visit there, and 
something special is promised. There will 
be a Luncheon and Fashion Show at the 
Waldorf-Astoria. Suggested short tours will 
be held Friday. 

Registration: Ladies register with their 
husbands and obtain badges before getting 
tickets at the Ladies Headquarters for the 
events of the Ladies Program. 


Winter.General Meeting Committee 
Members of the 1960 Winter General 
Meeting Committee are: R. T. Weil, Jr., 
chairman; R. W. Gillette, vice-chairman; 
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J. J. Anderson, secretary; J. R. Kerner, 
budget co-ordinator and AIEE vice-presi 
dent for District 3; C. T. Hatcher, chair 
man, Technical Operations Department; 
C. F. Savage, public relations; W. G. Vieth, 
general session; M. Lennig, hotel accom 
modations; F. P. West, registration; H. G. 
Koch, inspection trips; T. W. Bartleit, 
monitors; D. Halloran, smoker; E. J. Doyle, 
dinner-dance; Mrs. D. M. Quick, ladies en- 
tertainment; and D. M. Quick, ex-officio 
member (past-chairman). 


Outstanding Young Engineers 
of 1959 Are Named by Eta Kappa‘Nu 


DR. E. A. SACK, JR. (AM '54) of Pitts 
burgh, Pa., has been named the Out 
standing Young Electrical Engineer of 
1959 in the annual nationwide talent 
search conducted by Eta Kappa Nu, na 
tional electrical engineering honor so 
ciety. Honorable Mention awards in the 
national competition have been made to 
W. O. Fleckenstein of Whippany, N. J. 
K. H. Olsen of Bedford, Mass.; and J. W. 
Wentworth of Haddonfield, N. J. 

The 1959 competition is the 24th in 
the series which began in 1936. Formal 
presentation of the awards will be made 
in February at a banquet to be held dur 
ing the Winter General Meeting of AIEE 
in New York City 

At 29 years of age, the Outstanding 
Young Electrical Engineer of 1959 has an 
enviable record of accomplishment in the 
field of solid-state device research and de 
velopment. Initially, Dr. Sack contributed 
to the understanding of dielectric ampli 
fiers through his doctoral research in con- 
nection with ferroelectric materials and 
their use in resonant dielectric amplifiers. 
Most recently, he has been responsible for 
advances in electroluminescence and the 
application of this principle to practical 
solid-state display mechanisms. His efforts 
have made possible an electroluminescent 
alpha-numeric and digital indicator as 
well as high resolution microcircuit struc 
tures for flat panel mural television dis 
plays valuable for U.S. Navy command 
information centers. He supervised the 
design and installation of the first full 
scale installation of electroluminescent 
panels for room lighting in 1956 

He received his education, through the 
doctorate in electrical engineering, at 
Carnegie Institute of Technology, where 
he was awarded the bachelor’s, master’s 
and doctor’s degrees in 1951. 1952. and 
1954, respectively. He joined the Research 
Laboratories of Westinghouse Corporation 
in 1954 as a member of the Television 
Section of the electronics and nuclear 
physics department. At present he is man 
ager, Diclectric Devices Section, respon- 
sible for the direction of research on spe 
cial dielectric devices such as _ electro- 
luminescent displays. 
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By no means has Dr. Sack limited his 
activities to technical matters. He was ex 
tremely active in church work in Mount 
Oliver, Pa., for 10 years. He actively sup- 
ported a political candidate for commis 
sioner in Penn Hills, Pa.. in the 1959 
primary elections, and he has been an 
active member of a volunteer fire com- 
pany since 1956. He is a licensed radio 
amateur and a high fidelity enthusiast 


Honorable Mention 


Mr. Fleckenstein, one of the Honorable 
Mention citation recipients, is 34 years of 
age. A native of Scranton, Pa., he was 
graduated from Lehigh University as the 
highest ranking senior in electrical engi 
neering in 1949. He joined the Bell Tele 
phone Laboratories, Inc., immediately 
upon graduation and participated in their 
Communication Development Training 
Program. Upon completion of the nro 
gram, he began a telephone career which 
has been marked by creative accomplish 
ment. 

Mr. Fleckenstein’s principal contribu 
tions have been made in the areas of elec 
tronic switching systems. high-speed mag 
tronic core memory systems, and data 
transmission and record communication 
systems. He has taught extensively in the 
Laboratories’ Communication Develop 
ment Training Program. and he has been 
extremely active in vouth 
programs 

Brilliant engineer transtormed to sic 
cessful business executive is an accurate 
description of Mr. Olsen, another Honor 
able Mention recipient. At age 33. he has 
already earned an enviable record as a 
specialist in the development of solid-state 
components and circuitry for digital com 
putation equipment. In addition, he is 
the founder and president of a corpora- 
tion that had annual sales in excess of $1 
million within 2 years of its organization. 

Mr. Olsen, a native of Bridgeport, 
Conn., received the B.S. and M.S. degrees 
in electrical engineering from the Massa- 
chusetts Institute of Technology (MIT) 
in 1950 and 1952, respectively. As a grad- 
uate student, he invented a magnetic 
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matrix switch for use with coincident cu:- 
rent magnetic memories. Following grad- 
uation, as a staff member of the Digital 
Computer Laboratory of MIT, he super- 
vised the group responsible for the first 
digital computer to use the magnetic core 
random-access memory. Later, he was one 
of the first to build a high performance 
digital computer using transistors. In 
1957, Mr. Olsen founded and became 
president of Digital Equipment Corpora- 
tion, a concern that has had remarkable 
financial success in the creation and mar- 
keting of transistorized building blocks 
for the computer industry. 

The field of electronics also contributed 
the third winner of an Honorable Men- 
tion citation in the 1959 competition. Mr. 
Wentworth, 33, is manager of television 
terminal engineering in the Industrial 
Electronic Products Division of the Radio 
Corporation of America (RCA). Born in 
Greenville, Maine, he was graduated 
from the University of Maine in 1949 
with a bachelor's degree in electrical en- 
gineering. He joined RCA shortly after 
graduation and has been a major contrib- 
utor to that organization's important ad- 
vances in color television. More than 100 
commercial products in this field have 
been influenced materially by his rare 
combination of engineering and adminis 
trative ability. 

Mr. Wentworth has taught and lectured 
extensively on the subject of color tele- 
vision. His book, “Color Television En 
gineering.” was published in 1955. His 
lecturing has also extended to lay preach- 
ing in the Methodist church of Haddon- 
field, N. J. He played a major role in the 
rebuilding program after his church was 
gutted by fire in 1956 and has been most 
active in church conferences, seminars, 
and study programs 


Eligibility Rules 


The Eta Kappa Nu recognition of the 
Outstanding Young Electrical Engineer is 
intended to emphasize among electrical 
engineers that their service to mankind 
is manifested not only by achievements in 
purely technical pursuits but in a variety 
of wavs. It holds that an education based 
upon the acquisition of technical knowl- 
edge and the development of logical 
methods of thinking should fit the engi- 
neer to achieve a substantial degree of 
success in many lines of endeavor. Eligible 
for the award is any man who on May I 
of each year has been graduated not more 
than 10 years from a regular course in 
electrical engineering taken at an Ameri 
can college or university and who is not 
more than 35 years of age. Selection is 
made on the basis of the candidate's rec 
ord of achievement in his chosen work; 
in his service in behalf of his community, 
State, or nation, in his cultural or aes 
thetic development; and for his profes- 
sional activities 

Eta Kappa Nu, the sponsor of the an 
nual award, is the national electrical en 
gineering honor society founded at the 
University of Illinois in 1904. The or 
ganization has more than 28,000 members, 
71 college and 12 alumni chapters in the 
principal cities of the U. $ 

Selection of this year’s recognition win- 
ner and honorable mention recipients was 
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made by a Jury of Award headed by 
Ernst Weber (AM ‘31, F '34), president, 
Polytechnic Institute of Brooklyn, and 
president, Institute of Radio Engineers. 
Others on the Jury of Award were: J. B. 
Browder, president, Illuminating Engi- 
neering Society; Larry Dwon (AM '36, 
M ‘43), administrative assistant to execu- 
tive vice-president, operation, American 
Gas and Electric Service Corporation, and 
past president, Eta Kappa Nu; L. C. 
Holmes (AM ‘31, F '51), director of re- 
search, Stromberg Carlson Company, and 
vice-president, AIEE; A. G. Kandoian, 
vice-president, International Telephone 
and Telegraph Corporation Laboratories, 
Inc.; Albrecht Naeter (AM ‘23, F '53), 
professor and head, Electrical Engineering 
School, Oklahoma State University, Still- 
water, Okla., and president, Eta Kappa 
Nu; and C. V. Roseberry (AM ‘47, M 
51), vice-president, Westinghouse Electric 
Corporation. 

To assist the Jury of Award in their 
deliberations, each year the nominations 
for the Outstanding Young Electrical En- 
gineer are given a preliminary processing 
and evaluation by the society's Award 


Organization Committee. This group ar- 
ranges for collection of references and 
other supporting data of use to the Jury 
of Award in the final judging. Every 
effort is made to secure nominations on 
a nationwide basis, and this year the 
records of candidates representing all the 
geographical areas of major engineering 
activity in the country were examined by 
the committee. 

W. B. Groth (AM ‘52, M °56) was chair- 
man of the Award Organization Com- 
mittee. The committee members for 1959 
included: Robin Beach (AM 'I5, F '35), 
who heads Robin Beach Engineers As- 
sociated; Mr. Dwon; J. E. Farley; N. 5. 
Hibshman (AM ‘27, F ‘41), secretary, 
AIEE; C. T. Koerner (AM °35, M '53), 
staff engineer, Pacific Telephone and 
Telegraph Company; E. S. Lee (AM ‘20, 
F °30), associated with General Electric 
Company before retirement and former 
AIEE president; J. M. Monstream; J. H. 
Mulligan, Jr. (AM ‘44, M '54), professor 
and chairman, electrical engineering de- 
partment, New York University; and R. I. 
Wilkinson (AM ‘°35), traffic studies engi- 
neer, Bell Telephone Laboratories, Inc. 


1900 Members and Guests Attend 
AIEE Fall General Meeting in Chicago, IIl. 


FOR THE 5TH TIME, Chicago was host 
to AIEE’s Fall General Meeting held 
at the Hotel Morrison, October 11-16, 
1959. The meeting was concurrent with 
the National Electronics Conference at 
the Hotel Sherman, and provision was 
made for joint registration. Social activi- 
ties, technical sessions, and committee 
meetings engaged all facilities of the Hotel 
Morrison. The combined attendance ex- 
ceeded 1,900 members and guests at the 
meeting's close. 

There were 56 technical sessions at 
which more than 200 papers were pre- 
sented. Rotating machinery and nucleonics 
were given special attention. The nucle- 
onics sessions included papers covering the 
“Evaluation Studies of Reactor Concepts,” 
recently completed by leading consultant 
firms for the Atomic Energy Commission. 

Social activities included a_ reception 
tea and hospitality hour on Sunday after- 
noon, October 11, and the “Fall Frolics,” 
held on Wednesday, October 14, in the 
Terrace Casino of the Hotel Morrison. 

Inspection trips were made to opera- 
tional and dispatching facilities of the 
Commonwealth Edison Company; Hub- 
bard Electrical Research Laboratory; Elec- 
tro-Motive Division of General Motors at 
La Grange, Ill; Panellit Products Plant 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grade, qualifications, and fees may 
be obtained from Mr. N. S$. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N. Y. 
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at Skokie, Ill.; Chicago & North Western 
Railroad for a view of new equipment; 
Chicago Harbor Authority; Underwriters’ 
Laboratory, Inc.; Automatic Electric Com- 
pany; and Argonne National Laboratories. 


General Session 


The chairman of the Chicago Section, 
F. A. Cox, presided at the general session 
held in the grand ballroom of the Hotel 
Morrison October 12. J. G. Duba, the 
mayor’s administrative officer, City of Chi- 
cago, welcomed the delegates. 

Former AIEE President L. F. Hicker- 
nell, serving in the role of AIEE historian, 
reviewed some of the events of national 
and international significance that formed 
a background for the first technical meet- 
ing of the Institute 75 years ago. The full 
text of Mr. Hickernell’s address appears 
on pp. 1152-57. Mr. Cox noted, in a post- 
script to Mr. Hickernell’s talk, that the 
first AITEE section meeting took place in 
Chicago in 1892. The Chicago Section has 
grown from 21 members in 1893 to more 
than 2,400 members today, he said. 

AIEE President J. H. Foote made a 
brief speech of reminiscence ir which he 
stressed the importance of heritage in 
guiding the young engineer just emerging 
into a career. Progress, he said, is based 
on past achievements and ideas; the young 
engineer, therefore, must study and _ re- 
tain a curiosity about history if he is to 
be properly oriented toward the future. 
As for the Institute, it must be able to 
assimilate the young engineer by catering 
to his special needs. Committees have been 
appointed to study this matter as well as 
the related one of collaboration with 
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other societies on a more dynamic basis, 
the president noted. 

Murray Joslin, vice-president in charge 
of engineering, operating, and construc- 
tion, Commonwealth Edison Company, de- 
livered the principal address on the grow- 
ing conflict between engineers, scientists, 
and management. This conflict is being 
exacerbated, he said, by the increasing de- 
pendence of our society on the contribu- 
tions of the engineer-scientist group. An- 
other factor is the accelerating growth 
rate of this group in the over-all working 
force. Mr. Joslyn feels, however, the con- 
flict can be mitigated on the part of che 
engineer-scientist group by a more mature 
view of the special qualities and talents 
needed for management and, on manage- 
ment’s side, by more self-appraisal and 
greater attentiveness to the needs of engi- 
neering and scientific personnel for recog- 
nition of achievement. 


Institute Honors Three Engineers 


Dr. S. R. Warren, Jr., aided by Presi 
dent Foote, presented Institute medals for 
professional achievement to three leading 
engineers at the general session. Two of 
the medals, the Morris E. Leeds Award, 
which was presented to Dr. H. B. Brooks 
of Washington, D. C., and the William H. 
Habirshaw Award, which went to W. A. 
Del Mar, Yonkers, N. Y., were presented 
for the first time. The third award, the 
AIEE Medal in Electrical Engineering 
Education, was presented to Dr. G. S. 
Brown, dean of engineering, Massachusetts 
Institute of Technology (MIT), Cam- 
bridge, Mass. Each award consisted of a 
medal, a certificate, and $500. 

The Leeds Award was established in 
1958 by the Leeds and Northrup Founda- 
tion to honor an individual or group who 
has benefited the arts and sciences by 
making an outstanding contribution to the 
field of electrical measurement. Dr. 
Brooks, who is 90 years old, is the retired 
chief of the Electrical Section of the U. S. 
Bureau of Standards (NBS). He was a 
member of the NBS since his graduation 
from Ohio State University in 1903 until 
his retirement in 1946. His best known 
inventions are: deflection potentiometer, a 
variable self and mutual inductor (the so- 
called inductometer), and the standard 
cell comparator. Since retirement, he has 
published two papers, “Electrical Indicat- 
ing Instruments Used in Early Edison 
Central Stations,” and “Inductive Effi 
ciency of Reactive Coils.” 

The Habirshaw Award was established 
in 1958 by the Phelps-Dodge Foundations 
to honor individuals or groups who have 
made outstanding contributions to the 
field of transmission and distribution. Mr. 
Del Mar is a consulting engineer for the 
Phelps-Dodge Copper Products Corpora 
tion, from which he retired in 1952 as 
chief engineer after 35 years of service. 
Born in San Francisco, Calif., in 1880, he 
was graduated from City and Guilds Col- 
lege, now an affiliate of the Imperial Col- 
lege of Science and Technology and the 
University of London. His early experi- 
ence was with transmission and distribu- 
tion for electric railroads. He was tech- 
nical assistant in the electric traction de- 
partment of the New York Central Rail- 
road during the electrification of its New 
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York area. He also was assistant electrical 
engineer for the Interborough Rapid 
Transit Company, New York, N. Y., and 
was charged with co-ordinating into one 
system the three separate transmission 
and distribution systems of the elevated, 
surface, and subway systems. 

The Medal in Electrical Engineering 
Education was established by the AIEE 
Members-for-Life Fund Committee to be 
awarded annually to a teacher of electrical 
engineering, “based on his teaching ex- 
perience, ability to inspire students to 
higher achievements and capability, con- 
tributions te the teaching of electrical en- 
gineering in textbooks and in writings on 
engineering education, active participa- 
tion in the work of professional and edu- 
cational societies, and contributions to 
teaching and the profession through re- 
search, engineering achievement, and tech- 
nical papers.” 

Dr. Brown, recipient of the medal, was 
born in Australia in 1907. He received 
mechanical and electrical engineering 
degrees from the Melbourne Technical 
School, and a bachelor of science, a 
master of science and a doctorate, all in 
electrical engineering from MIT. He was 
named to the teaching staff in 1931, be- 
came a professor in 1946, head of the de- 
partment of electrical engineering in 1952, 
and dean of engineering in 1959. In 1941, 
Dr. Brown established the MIT Servo- 
mechanisms Laboratory and was its direc 
tor until 1952. In the past few years, 
he has become widely known for pioneer 
work in evolving a new synthesis of sci- 
ence and technology for training future 
electrical engineers. 


Eta Kappa Nu Luncheon 


At the Eta Kappa Nu luncheon, which 
was held Thursday, October 15, George 
Austin, chairman of the Chicago alumni 
chapter, presided. An address, entitled 
“The Genius of the Distinguished,” was 
presented by President Foote. He pointed 
out that a distinguished product is judged 
by four principal standards: materials, de 
sign, workmanship, and performance. He 
then went on to show how these criteria 
apply to the make-up of a distinguished 
engineer. In the materials category would 
go such characteristics as personality, men- 
tality, aptitude, interest, and potentiali- 
ties. For design, the quality of the cur- 
riculum and teaching methods would be 
applicable. Workmanship implies the skill 
and competence he brings to the job. Per- 
formance represents the satisfaction of his 
work to employers, to himself, and to so- 
ciety. 


Technical Sessions 


High Energy Plasmas and Particles. 
This session, sponsored by the Nucleonics 
Committee, W. F. Gauster, chairman, 
heard a discussion of “Electric Space Pro- 
pulsion” by J. C. Evvard, Lewis Research 
Center, National Aeronautics and Space 
Administration, Cleveland, Ohio. The 
electric rocket refers to a rocket system re- 
quiring electric energy from a_ possible 
nuclear source to accelerate the exhaust 
jet. Electric rockets can, in general, give 
exhaust velocities greater than are achiev- 
able by chemical means. The author pre- 
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PICS Chicago 


AIEE MEDALS for professional achievement were presented by S$. R. Warren, Jr. (left), vice- 
president of the University of Pennsylvania and chairman of the Recognition Awards Commit- 
tee, to the following: G. S. Brown (second from left), dean of engineering, Massachusetts In- 
stitute of Technology, who received the medal for outstanding service in electrical engineering 


education; W. A. Del Mar (third from leff), 
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Corporation, who received the William M. Habirshaw Award; and F. B. Silsbee (right), who ac- 
cepted the Morris E. Leeds Award in behalf of H. 8. Brooks, retired chief of the Electrical In- 
struments Section of the National Bureau of Standards. 


dicted that electric space propulsion is 
perhaps 5 years away and will likely be 
first utilized for orbital guidance and ve- 
hicle orientation control. The electric 
power level will be low—perhaps less than 
100 kw. Electric propulsion is also of con- 
siderable interest for lifting large payload 
fractions from low- to high-altitude orbits. 
Manned space journeys, Mr. Evvard said, 
must wait the development of larger 
booster systems. At least 10 to 20 years 
will be required before manned electric 
spacecraft in the several megawatt ranges 
are feasible. 

R. G. Mills, Princeton University, spoke 
on “The Quest for Thermonuclear Pow- 
er.” There is competition 
amongst nations to achieve commercial 
power from fusion processes, Mr. Mills 
noted. The reasons are: (1) World power 
bankruptcy—the use of power is growing 
at an exponential rate so that some ex 
perts see power exhaustion in 200 years 
if new sources cannot be found and ex 
ploited; and (2) National prestige—each 
country would like to say it was first. The 
basic physical problem is to achieve a 
temperature of at least 100 million degrees 
to overcome electrostatic forces of repul 
sion keeping hydrogen nuclei from fusing. 
Problems exist as to how to heat gas, and 
how to confine it long enough to the job. 
Electrical and magnetic forces offer the 
most promise, he said. As to who will win 
the race, that is an open question, but 
three questions should be asked of any 
claims to achievement: (1) What is the 
temperature? (2) How long can it be 
maintained? (3) What is the neutron pro- 
duction? 

H. S. Snyder, Brookhaven National Lab- 
oratory, presented a companion paper 


vigorous 
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on the “Modern Magnetic Accelerators.” 

Communication Theory. R. L. Shuey, 
General Electric Company, presided at a 
session on communication theory. Philip 
Fire, Sylvania Electric Products, Inc., de- 
scribed a class of parity-check error-cor- 
recting codes, specifically designed for cor- 
recting nonindependent multiple errors in 
data transmission and processing systems. 

H. F. Harmuth of Stromberg-Carlson 
Company discussed the transmission of in- 
formation by orthogonal time functions. 
Items considered included transmission 
through a noise-free channel, influence of 
noise, and design requirements for a com 
munication system using orthogonal func 
tions. 

In his paper “Network Response to 
rransient FM Inputs,” T. T. N. Bucher, 
Radio Corporation of America, presented 
an approximation technique for calculat- 
ing response of a linear passive network 
to pulse-like and step-like frequency mod- 
ulating functions. 

G. I. Cohn, Illinois Institute of Tech- 
nology, discussed the nonlinear effects of 
ionized media on radio communication 
systems performance. 

Transformers. A Tuesday afternoon ses 
sion sponsored by the AIEE Transformers 
Committee opened with a paper on in 
ternal faults of gas-insulated transformers 
by G. Camilli, L. G. Littlejohn, and W. A. 
Wooldridge, all of the General Electric 
Company. The paper discusses the be- 
havior of these transformers under fault 
conditions and reports results of tests 
which have been made on representative 
apparatus. 

Tests have been conducted to determine 
the effects of internal explosions on oil- 
filled transformers, as outlined in a paper 
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CONDUCTING the general session of the Fall General Meeting were: (left to right) F. A. Cox, 


chairman of the general i 


; AIEE Presid 





t J. H. Foote; Murray Joslin, vice-president in 


charge of engineering, operating, and construction, Commonwealth Edison Company, who de- 
livered the main address; and E. H. Finch, general chairman of the Fall General Meeting. 


by R. J. Ringlee and N. W. Roberts, Gen- 
eral Electric. Results obtained from the 
tests and from analytical work described 
demonstrate that the deflection charac- 
tesistics of the tank and the location of 
the fault have greater influence on the 


pressure of the tank wall, in most cases, 
than the presence or size of gas space. 

A new phase-isolated load-tap-changing 
transformer is unique in that it provides 
3-phase transformation with independent 
single-phase regulation controlled by 
means of separate sensing circuits for each 
phase. This design, which provides opera- 
tional advantages over formerly available 
3-phase equipment and economic advan- 
tages over the combination of equipment 
required to provide an equivalent instal 
lation, was described in a paper by F. P. 
Kaspar of Oklahoma Gas & Electric Com 
pany and J. S. Holtzinger and G. A. Wil- 
son, both of McGraw Edison Company. 

Radio Communication Systems and Tel- 
evision and Aural Broadcasting. ‘“Micro- 
wave Radio Relay System with Demod- 
ulating Repeaters foi Television and Mul 
tiplexed Telephone,” a paper by J. J 
Clarke, Radio Corporation of America, 
revealed the growing demand for inter- 
connection of small groups of stations as 
well as widely separated facilities of single 
stations. Community antenna systems and 
other closed-circuit installations are add 
ing to such demands. Since 1955, when 
this system was first introduced as an 
efficient and economical means of trans- 
mitting and distributing televison signals 
for intercity and television applications, 
almost 600 links covering 10,000 circuit 
miles have been established, The system, 
known as TVM-1, superseded an earlier 
type designed just after World War II 
which was not intended for multihop serv- 
ice. This capability has been achieved in 
the TVM-I system by the inclusion of 
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high-quality color transmission as a nec- 
essary characteristic. For systems up to 
200 or even 300 miles, the TVM-/ system 
has proved very satisfactory, the author 
said. The system has many other special 
applications, including telemetry, data 
transmission, and multichannel telephony. 

C. F. Otis, Philco Corporation, discussed 
the design of a transistorized portable 
television receiver recently built by Philco. 
Unique features include a projection view- 
ing system which considerably increased 
the portability efficiency factor K (picture 
size in square inches divided by pounds). 
By placing the object to be viewed be- 
tween a spherical mirror and its focal 
point, a virtual magnified image is formed 
which appears to come from behind the 
mirror. The image obtained is not formed 
by the real intersection of the light rays 
but by their apparent or virtual intersec 
tion. Thus, the name, “virtual image.” 

Rotating Machinery. Cracks found in 
the hub of the rotor spider of a 15,000- 
kva water wheel generator in 1953 caused 
concern. At that time, stresses in the 
spider were relieved by drilling all 76 
dovetails in the laminated rim with l-inch 
holes so that the dovetail would partially 
collapse in case of overspeed, allowing 
the rim to float. Further considerations 
resulted in a decision to replace the 
spider. In their paper, “An Unusual 
Method for Replacing a Rotor Spider in 
a Water Wheel Generator,” W. R. Small, 
Jr., Pennsylvania Power and Light Com- 
pany, and P. M. Bell, Westinghouse Elec- 
tric Corporation, discuss the method used 
to install the new spider. This method 
pressed out the old spider leaving the 
laminated rim and field poles intact, then 
expanded the rim with heat and pulled 
the new spider into place. 

E. A. Boulter discussed the application 
of a modified version of AIEE no. 5l1l 
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to functional evaluation of high-voltage 
asphalt mica flake generator insulation. 
His paper was entitled “Functional Eval- 
uation of High-Voltage Turbine-Gen- 
erator Insulation Using a Generette Core 
Model.” 

G. Hausen, P. P. Biringer, and G. R. 
Slemon, all of the University of Toronto, 
described a drive in which a wound rotor 
induction motor is supplied through a 
Static-magnetic power modulator. The 
drive provides accurate, continuously 
variable control of speed at any setting 
up to synchronous speed in either direc- 
tion of rotation. Other features of the 
drive are its low-speed regulation, its 
provision for acceleration and braking at 
controlled torque, with nearly linear 
transient response, low cost, and high 
reliability. 

Transmission and Distribution. In order 
to survive and prosper in a competitive 
market, electric utilities, in common with 
all industry, conduct a persistent search 
for greater efficiency. K. W. Klein, Cleve- 
land Electric [Illuminating Company, in 
his paper, “Another Look at Distribution 
Transformer Loss Ratios,” attempts to 
show how a change in transformer design 
may profit the utility industry by lower- 
ing the annual operating costs. If some 
typical averages hold for the next few 
years, the utilities may expect the num- 
ber of distribution transformers to double 
within 8 to 10 years. This year, the elec- 
tric utilities will spend an estimated $250 
million on distribution transformers. 
With these dollars at stake, even a small 
per cent decrease in over-all annual cost 
means a significant savings. 

E. G. Hammer and G. A. Rynders, Line 
Materials Industry, discussed “A New 
Concept in Capacitor Design.” Tremen- 
dous increases in the use of electric power 
have produced high load demands and 
the need for electric distribution and 
transmission equipments of ratings higher 
than any previously available. The high 
load demands, it was said, have also 
brought about a corresponding need for 
additional capacitive kilovar on distribu- 
tion and transmission systems. In_ the 
present state of the art and with proper 
safety factors applied, both the operating 
stresses and temperatures imposed on the 
dielectric have reached their apparent 
maximums. An entirely new concept in 
capacitor design to overcome these limita- 
tions has evolved. This new concept pro- 
vides a means for removing the undesir- 
able heat from the dielectric material and 
transferring it to the heat-dissipating tank 
surfaces. 

L. H. Herenden, Jackson and Moreland, 
Inc., read a paper on “Distribution Sys- 
tem Conversion to 4,160 volts.” 

Telegraph Systems. F. W. Smith, West- 
ern Union Telegraph Company, presided 
at a session sponsored by the AIEE Tele- 
graph Systems Committee. M. L. Stephens, 
Lenkurt Electric Company, Inc., described 
the operation of the recently developed 
23A frequency-shift carrier telegraph sys- 
tem. Through use of transistors, an im- 
proved relay, and modular filters, the 
system is extremely flexible in its appli- 
cation, meets rigid performance specifica- 
tions, and is compatible with existing 
telegraph plant facilities. A companion 
paper by T. B. Collins, Jr., of Automatic 
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Electric Sales Corporation and J. E. Pitts 
of Lenkurt covers the applications of this 
system. 

The 84Al, a small automatic teletype- 
writer message-switching system, is de- 
scribed in a paper by E. R. Shimmin, 
Pacific Telephone & Telegraph Company, 
and R. A. Vanderlippe and A. L. Whit- 
man, Bell Telephone Laboratories, Inc. 
The unit was designed for businesses 
requiring more automatic communications 
than can be given by one or more sepa- 
rate selective calling lines. It provides for 
the automatic interchange of teletype- 
writer traffic between any number of half- 
duplex lines up to nine. 

The eddy-current brake speed control 
system, designed to maintain a fixed 
phase relationship between transmission 
and recording devices for a facsimile cir- 
cuit, was described by H. F. Burroughs, 
Western Union Telegraph Company. The 
control circuit, regulated power supply, 
and frequency standard, all transistorized, 
can be conveniently packaged in a volume 
of approximately 14 cubic foot. 

Organization of Computer Activities for 
Electric Utility Engineering. H. E. Can- 
trell, General Electric Company, provided 
a capsule view of the major factors in- 
volved in organizing to use computers 
These include: the work to be done, ap- 
proximate number of people involved, the 
question of whether a “computer organi- 
zation” is needed, and the qualifications 
of the people doing the work. The paper 
was entitled “Organizing to Use Com- 
puters.” 

Some of the philosophy needed in the 
use of digital and other computers in 
the solution of electric utility problems 
was described by R. B. Shipley, Tennessee 
Valley Authority, in his paper “Com- 
puter Problem Analysis.” 

BR. W. Coombe discussed the “Practica- 
bility of Computer Usage for Utility En- 
gineering,” a paper dealing with the pres- 
ent organizational arrangement and 
thinking regarding procedures for the use 
of digital computers for the solution of 
electric utility engineering problems at 
the Detroit Edison Company. 

R. J. Brown, Bonneville Power Admin- 
istration, presented a paper on “Some Ex- 
periences in System Engineering Comput- 
ing.” 

Mining. Mining of submarine coal 
seams at distances up to 6 miles and 
depths of 2,850 feet present a particularly 
challenging problem to those who are re- 
sponsible for these mines. J. J. Laffin, Do- 
minion Steel and Coal Corporation, Ltd., 
in his paper “Mining with A-C Power in 
Dosco Mines,” shows how these problems 
are being met and overcome through com- 
petent direction, engineering initiative, 
and skilled operation. The part that elec- 
tricity plays in Dosco mining operations 
is demonstrated by the fact that 30 kwhr 
are consumed for every ton of coal pro- 
duced. 

A paper reviewing open-pit mine-power 
distribution practices was presented by 
R. B. Bennett and M. A. Neslin, General 
Electric Company. 

F. R. Hugus, Joy Manufacturing Com- 
pany spoke on the remote control of un- 
derground mining machinery. 

Semiconductor Switching Devices and 
Applications. The paper making industry 
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operates on a continuous basis 24 hours 
a day and usually 7 days a week. Unsched- 
uled downtime for maintenance and re- 
pairs represents between $300 and $1,500 
per hour in lost production depending on 
machine size and type of paper being pro- 
duced. Under these conditions, equip- 
ment reliability of both the paper ma- 
chine itself and the machine drive is of 
primary importance. For this reason, the 
silicon controlled rectifier is becoming an 
important component in electric drive 
systems for the paper industry, J. D 
Grady, Oxford Paper Company, and R. I 
Goodwin, General Electric Company, de- 
scribe this device in their paper, “Appli- 
cation of Controlled Semiconductors in 
the Paper Industry.” This static device, 
they point out, is now operating as a 
power amplifier in a number of paper 
machine drive systems replacing and pro- 
viding the same functions as amplidynes, 
thyratrons, and magnetic amplifiers. 
These applications represent some of the 
very first industrial uses of this revolu- 
tionary new device which was only made 
available about 18 months ago. One of 
these installations has been operating ap- 
proximately a year with no maintenance 
or replacement required for the con- 
trolled rectifier. N. F. Bechtold, U. S. 
Army Signal Research and Development 
Laboratory, presented a paper on “Per- 
formance of Semiconductor Rectifiers in a 
Pulse Radiation Environment.” 

E. Petrocelli, Westinghouse, spoke on 
a “Transistor A-C Switch.” 

Wire Communication. At a Thursday 
morning session, J. B. Eppes, Jr., Rural 
Electrification Administration, presided. 
The circuitry and performance of a com- 
mercially available transistorized multi- 
frequency ringing generator were covered 
in a paper by J. F. Kostelich and B. W. 
Howald,. both of Lorain Products Corpo- 


AN INSPECTION TRIP 
to the Hubbard & 
Company Electrical Re- 
search Laberatory was 
made during the Fall 
General Meeting. AIEE 
members are shown 
here viewing the out- 
door substation. The 
laboratory is located 
in McCook, a south- 
west Chicago suburb 
about 13 miles from 
the Loop. Opened in 
1958, the laboratory 
was designed for de- 
veloping and testing 
high-capacity and high- 
voltage equipment for 
power systems. 


Beacon Photograph 
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ration. Initial and operating costs of this 
equipment are generally less than those 
of magnetic frequency changers and 
motor-generator sets. 

F. H. Gardner, Stromberg-Carlson, de- 
scribed an all-transistorized trunk carrier 
system for increasing telephone commu- 
nication facilities. Features include low 
power requirements (3 watts per chan- 
nel per terminal), economy of installa- 
tion, and plug-in modules to allow quick 
and easy service. 

A transistorized repeater for a rural 
subscriber carrier system was described in 
a paper by W. S. Woods, Kellogg Switch- 
board & Supply Company, and A. R. 
Denz, International Telephone and Tele- 
graph Corporation Laboratories. Empha- 
sis was on the system parameters that 
were established as design goals for the 
repeater and the manner and extent to 
which these goals were achieved. 

Excitation Systems. M. Temoshok, Gen- 
eral Electric Company, presided at a 
Thursday afternoon session sponsored by 
the AIEE Power Generation Committee. 
A brushless excitation system, in which 
the collector, collector brushes, commu- 
tator, and commutator brushes can be 
eliminated, was described in two papers 
by Westinghouse engineers. In this system, 
excitation current is furnished to the field 
of a synchronous generator through a ro- 
tating rectifier from an a-c exciter, all of 
which are coupled to the generator shaft. 
The first paper, by E. C. Whitney, D. B. 
Hoover, and P. O. Bobo, discusses the 
reliability, ease of maintenance, and de- 
sign considerations. In the second paper, 
by R. W. Ferguson, R. Herbst, and R. W. 
Miller, the analytical formulation com- 
puter simulation techniques, and perform- 
ance evaluation of the proposed system 
are covered. 

Some recent improvements in record- 





ers and associated equipment used in the 
recording of turbine speed, eccentricity, 
expansion, and vibration were described 
in a paper by H. A. Harriman and D. M. 
Longenecker, both of the General Elec- 
tric Company. 

The inductor-alternator excitation sys- 
tem for turbine-generators, which has 
been successfully applied in eight instal- 
lations since 1954, was outlined in a paper 
by W. L. Ringland and W. F. Eagan, both 
of Allis-Chalmers Manufacturing Com- 
pany. 

Relays and System Engineering. H. J. 
Sutton of Gulf States Utilities Company, 
chairman of the Survey of Relaying Prac- 
tices Subcommittee of the AIEE Relays 
Committee, gave highlights of a report, 
prepared by the Subcommittee, covering 
practices and trends in protective relay- 
ing over the past 10 years. Two major 
trends were noted. First, in order to ob- 
tain lower capital investment per installed 
kva, circuit capacities and the unit size 
of equipment have been increased mate- 
rially. Second, system components, invest- 
ments, and operating costs have been 
minimized by careful design 

A. L. Toalston, Commonwealth Asso- 
ciates, Inc., outlined an approach for digi- 
tal solution of short-circuit currents for 
networks which include mutual impe- 
The method presented uses the 
short-circuit tensor and symmetrical com- 
ponents, with the same assumptions and 
basic data as are used for network ana 
lyzer studies. 

A paper by W. E. Marter and J. L 
Koepfinger, Light Company, 
and C. W. King, Westinghouse, described 
a study conducted by Duquesne and 
Westinghouse concerning the application 
of a digital computer short-circuit pro- 
gram to phase-to-ground 
faults. It was found that automatic opera 
tion of the digital method is very attrac 
tive for several reasons, including speedy 
and reliable calculations, provision for a 
permanent record of the system studied, 
reduction of the likelihood of taking in- 
sufficient data, and a great degree of flexi- 
bility 


dances 


Duquesne 


3-phase and 


K. W. Eissman of General Electric con- 
cluded the session with the presentation 
of a paper on bushing potential devices 
with multiple ratings. These devices are 
advantageous to both manufacturer and 
user because they permit standardized 
production, inventory, and interchange- 
ability 
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JOINT REGISTRATION was provided for those attending the AIEE Fall General Meeting and the 
15th annual National Electronics Conference (NEC), held concurrently October 12-14, 1959, in 
Chicago, Ill. Shown at the NEC, which met at Hotel Sherman, are: (left to right) J. H. Foote, 
AIEE president; V. H. Disney, NEC president; and R. 8B. Gear, AIEE vice-president, District 5. 
The NEC was sponsored jointly by the AIEE, Illinois Institute of Technology, Institute of Radio 
Engineers, Northwestern University, and University of Illinois. 


Safety. A paper entitled “Fire Hazards 
and Safety Techniques in Wiring Homes, 
Offices, and Factories,” highlighted this 
extremely important session. Robin Beach 
of Robin Beach Engineers Associates enu- 
merated the “ill-advised” acts that cause 
most fire losses: (1) improper workman- 
ship in the installation of electric cir- 
cuits; (2) negligent maintenance of elec- 
tric wiring, both at the consumers’ 
premises and on the service lines of the 
power company; (3) lack of adequate un- 
derstanding by those who install water, 


steam, oil, and gas lines, regarding the 
danger of placing grounded pipes across 
and in contact with electric armored 
cable, tubing, and conduit without the 
use of intervening insulation; (4) misin- 
formed and wilful overfusing of circuits; 
and (5) failure, through inadequate or 
careless inspection of electric installations 
to detect and correct hazardous situations 
before they lead to trouble. 

H. H. Watsen, General Electric Com- 
pany, presented a paper on “Higher Resi- 
dential Voltages—Safety Considerations.” 


Business Conducted by Directors 


at Fall General Meeting in Chicago, IIl. 


OF THE 35 active members of the Board 
of Directors, 33 met on Friday, October 
16, 1959, the last day of the AIEE Fall 
General Meeting in Chicago, Ill. The 
major items of business concluded are 
reported in the brief summary that 
follows: 


Finances 


The: Treasurer reported an operating 
cash balance including short-term invest 
ments of more than $325,000. A compara- 
tive statement of income and expenses for 
the first quarter of the fiscal year showed 
income exceeding that of last year for the 
same period by more than $60,000 while 
expenses are up $8,000. Dues income for 
the first quarter of the current year was 
up 4.6%. The balance sheet as of August 
$1 shows total assets of $2,356,793. 
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Bylaws 


The Constitution and Bylaws Commit 
tee has undertaken to revise and codify 
the bylaws to supplement the new consti- 
tution approved by the membership in 
June 1959. The project is scheduled for 
completion at the June Board meeting. 
Meanwhile, the current bylaws under- 
went further amendment, effective Octo- 
ber 16, 1959. In what follows, reference 
is given to the “old” bylaw now recorded 
in the “1959-60 Organization Manual” 
(O. M.). The amended current version, as 
approved by the Board of Directors, is 
given here: 


Reinstatement of Membership 
B22, B23 (O.M. pp. 151, 152) 


“*B22-23. Any applicant for readmission shall 
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first pay a re-entry fee, which shall be con- 
sidered waived if the applicant had resigned 
in good standing. The re-entry fee, which 
shall be considered as satisfying all past dues 
indebtedness shown on the Institute's records, 
shall be equivalent to one-half of the current 
rate of dues for the grade of readmission. 
Upon satisfying the above, the applicant may 
be readmitted after review of his professional 
record by the Board of Examiners. The appli- 
cant shall then renew his membership privi- 
leges after payment of pro-rata dues for the 
year readmitted. 

“Any reapplicant or member in guvod stand- 
ing may at any time reinstate his original 
date of election or transfer by payment of 
dues at the currently sg rate of his 
grade of membership for the period of his 
lapsed membership. 

“Retroactively paid years of membership in 
the Member lt 2 shall not be considered as 
forming any part of the 10 consecuti-e | ears 
requirement for transfer to the grade of 
Fellow.” 


Publication Prices 


B115, B1I21 (O.M. p. 1€4) 


“B115. Each member is entitled to subscribe 
to one of the three bimonthly publications, 
Communication and Electronics, Applications 
and Industry, or Power Apparatus and Sys- 
tems, or all three at the rate of $5.00 each 

r year. A second subscription to the same 
bimonthly publication or to all three may be 
obtained at the nonmember rate of $8.00 each 
per year.” 

“B1I21. Each member is entitled to sub- 
scribe to one or two parts of the Transactions 
Part 1—Communication and Electronics; Part 
2—Applications and Industry; or Part 3— 
Power Apparatus and Systems, at the advance 
subscription rate of $4.00 each per year or 
to all three parts at the rate of $10.00 per 
year. The Secretary is authorized to receive 
from nonmembers advance subscriptions to 
one of the above mentioned parts of the 
Transactions at the rate of $8.00 per year, 
two parts at the rate of $15.00 per year, and 
three parts at the rate of $20.00 per year, 
plus extra foreign postage. Discounts from 
these prices may be allowed to college and 
public libraries of 25% and to publishers 
subscription agencies of 15%.” 


Membership Requirements 
B127, B128 (O.M. p. 165) 


“B127. Fellow grade of membership shall be 
conferred by action of the Board of Directors 
on those members whose outstanding work in 
electrical science or electrical engineering in 
any field is brought to the attention of the 
Board of Examiners by five or more Fellows 
or Members who shall submit data that in 
the opinion of the Board is sufficient to sub- 
stantiate the importance of the accomplish- 
ment and warrant the issuance of the citation 
and conferring of the honor. Sponsors shall, 
when proposing a candidate for Fellow grade, 
give reference of five (5) Fellows. Transfer 
to Fellow may not be obtained by application. 

“A Fellow shall at the time of transfer be 
at least 40 years of age. He shall have had 
at least 15 years of active experience, and 
shall have been in good standing in Member 
grade for at least 10 vears immediately prior 
to the date of proposal for transfer to Fellow 
and shall qualify under C20.031 of the Con- 
stitution. As one measure of accomplishment 
under C20.031 ‘a’ and ‘b’ he shall have been 
in responsible charge of such work for at 
least five years. A person who at the time of 
admission to the grade of Member held in 
good standing in a cognate electrical engineer- 
ing society of national scope in any country, 
a grade of membership for which the qualifi- 
cations indicate a standing equivalent to that 
required for the grade of Member herein, may 
have such years of prior membership in that 
equivalent grade, to a maximum of nine, 
considered as a part of the requisite ten years 
in Member grade.” 

“B128. At the time of admission or ad- 
vancement to the grade of Member, the 
applicant shall be at least 30 years of age 
and actively engaged in the electrical field— 
temporary unemployment excepted. He shall 
have had at least ten years of active practice 
of the profession in one or a combination of 
several branches of the electrical field, indica- 
tive of growth in competency and achieve- 
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ment im that field and of a character satis- 
factory to the Board of Examiners and shall 
qualify under C20.041 of the Constitution. As 
one measure of accomplishment under C20.041 
‘a’ and ‘b’ he shall have been in responsible 
charge for at least two years. Graduation in 
an engineering curriculum approved by the 
Board of Directors shall be credited as four 
years of this requisite ten years of practice. 

“In addition, to qualify under C20.041 he 
shall have been in good standing in the grade 
of Associate Member for at least two con- 
secutive years immediately prior to the date 
of application for the grade of Member, or 
as an alternative he shall have had at least 
three additional years in active practice dur- 
ing which time he shall have been in 
responsible charge of work as described in 
C20.041. 

“A person who holds in good standing in 
a cognate engineering society of national scope 
in any country a grade of membership for 
which the qualifications indicate a standing 
equivalent to Member herein, shall have such 
membership considered as fulfilling require- 
ments for Member grade in C20.041.’ 


An Expanded Intersociety 
Relations Committee 


“B(new). The Intersociety Relations Com- 
mittee shall consist of nine members who 
shall be appointed by the President. The 
terms of appointment of one-third of the 
members shall expire at the close of each 
administrative year. (Experience with the 
major federation and_ intersociety groups 
should, to the extent feasible, be represented 
in the membership of the committee.) The 
chairman for each administrative year shall 
be designated by the President for that vear. 
The committee shall organize, as necessary, 
to effectuate its assigned responsibilities. 

“The committee shall report to the Board 
of Directors and shall be responsible for the 
following: 


(a) Advising the Board on matters of 
policy with respect to current inter- 
society affairs. 

(b) Representing the Institute in nego- 
tiations of new intersociety relations 


(c) Formulating methods for the applica- 
tion of Institute policy to imtersociety 
problems. 

(d) Promoting the implementation of In- 
stitute policies and programs in the 
field of intersociety relations. 

(e) Carrying out any related activity as- 
signed to the committee by the Board 
of Directors.” 


Intersociety Affairs 


The Board authorized publication of a 
150-page manual entitled “Organization 
of the Engineering Profession” to be used 
by the AIEE Sections as a basis for spe- 
cial meetings to study and discuss the 
“unity” problem and record member 
opinion on how best to achieve effective 
co-operation among engineers. The man- 
ual was compiled and written by the AIEE 
Intersociety Relations Committee which 
is also recruiting a 100-man Task Force 
to promote and assist the study, discus 
sion, and opinion poll in the Sections. 

Approval was voted for a revised char 
ter of Engineers’ Council for Professional 
Development. 

Two new member societies were given 
AIEE approval for addition to the rolls of 
the Conference of Engineering Societies of 
Western Europe and the United States 
(EUSEC). On recommendation of Engi 
neers Joint Council (EJC), the Board took 
the following action: (a) Agreed to enter 
into reciprocal arrangements with Con- 
stituent Societies of EJC for the exchange 
of member privileges of meeting attend- 
ance; (b) Voted to support the candidacy 
of Col. Sylvanus Thayer for the Hall of 
Fame; (c) Joined with EJC in nominat- 
ing four members for the Board of Di 





Attention Members of AIEE 


Original Dates of Election May Now Be Reinstated 


DO YOU have a gap in your membership 
tenure—a period when, due to no fault of 
your own, you were forced to let your 
membership lapse for a few years before 
picking it up again? You may recall that 
if this lapse exceeded 3 years, or if the 
period was less than 3 years and you 
failed to exercise the option at re-election 
time, the Bylaws precluded you from ever 
restoring your original date of election 
This has been changed so that now, per- 


haps when you can better afford it, re- 
gardless of the number of years lost you 
may restore your original election date 
and preserve the continuity of your AIEE 
membership. This may be accomplished 
by payment of dues at the current rate 
for your present membership grade for 
the period of your interrupted tenure. 

If you are interested in the above, 
please complete the blank below and 
mail it to AIEE Headquarters. 


American Institute of Electrical Engineers 
33 W. 39th St. 
New York 18, N. Y. 


Gentlemen: 


Please advise me of the cost of restoring my original date of election 


in AIEE. 


NAME 


MEMBERSHIP NO.__ 





(PLEASE PRINT) 
PRESENT MEMBERSHIP GRADE 





ADDRESS 
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rectors of the National Science Founda 
tion. 


institute Activities and Organization 


The Board adopted in principle and 
authorized implementation of several im 
portant recommendations of the Special 
Task Force on Institute Activities and 
Organization which reported at this meet 
ing after 20 months of intensive study 
Some of the projects and plans to get 
under way as a result of this report are: 
(1) A New Activities Committee in the 
Technical Operations Department; 2) 
National Groups related to the technical 
and general committees carrying addi- 
tional publications, meetings, and activi 
ties for all members interested in the sub 
ject; (3) A flexible publications policy to 
serve the new activities and groups; (4) 
a broadening of the voting membership 
requirements to include qualified profes 
sional scientists and engineers working in 
electrical science and engineering or close 
to i 


Honors and Elections 


Nineteen Members were advanced to 
the grade of Fellow. Their biographies 
and pictures will appear in Electrical 
Engineering 

Prof. Grimm, acting editor ot the new 


student publication, EE Digest, and his 
associates, were complimented on the ap- 
parent success of the novel news-type 
paper issued in September and October in 
response to a Board authorization at its 
June meeting. 

Board representatives to the Institute 
Nominating Committee were elected as 
follows: Representatives—Hendley Black- 
mon, W. H. Chase, W. R. Clark, R. B. 
Gear, E. W. Morris, J. C. Strasbourger. 
Alternates—W. R_ Brownlee, E. I. Green, 
L. M. Robertson, A. A. Johnson. 


Future Meetings 


The Board approved the following Gen- 
eral Meetings to be added to the sched 
ule: 1965 Summer General Meeting at 
Miami Beach; 1967 Summer and _ Pacific 
Genera] Meeting at Portland, Oreg. Invi- 
tations were received for a 1964 Fall 
General Meeting in Cleveland, Ohio; a 
1965 Fall General Meeting at Houston, 
Texas: and a 1969 Summer and Pacific 
General Meeting at Vancouver, B. C., 
Canada. District Meetings were announced 
as follows: District No. 1, Erie, Pa., May 
14-16, 1962, District No. 2, Wilmington, 
Del., May 7-9, 1962; District No. 14, 
Pittsburgh, Pa., Spring of 1962; District 
No. 14, Cleveland, Ohio, May 1961, Can 
celled. 


Operational Problems Considered at 


Forum of Technical Committee Chairmen 


THE 21ST FORUM of Technical Com 
mittee Chairmen, Vice-Chairmen, mem 
bers of the Technical Operations Depart 
ment (TOD), and rop District 
Representatives was held on October 15, 
1959, in Chicago, Ill., at the Fall General 
Meeting. The Forum was opened by 
C. T. Hatcher, chairman of TOD. Rec 
ommendations for committee appoint 
ments were discussed by President J]. H. 
Foote, and a panel of three speakers 
presented talks on ATEE finances, imple 
mentation of the budget to 
printed papers, and an appraisal of ATEE 


reduced 
technical papers 


Rec dations for C 


Appointments 





Attention was drawn by President Foote 
to the fact that TOD is the biggest opera 
tion in terms of the number of persons 
involved in relation to the entire member 
ship of the Institute. He stated that 3,500 
members are serving on the technical 
committees and, in just a few years, the 
Institute membership has grown from 
$5,000 to 50,000 members. The tremen 
dous growth which the Institute has al 
ready experienced must be digested. Ex 
amples were cited of the thorough job of 
canvassing for committee appointments 
as done by several other organizations 

In conclusion, President Foote suggested 
that every chairman should begin now to 
rate the personnel of his committee first, 
second, and third, according to their 
qualifications, inasmuch as requests for 
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recommendations for mext year’s com 
mittee appointments would be made in 


March 


AIEE Finances 


The various items considered in formu 
lating the budget for the fiscal year, May 
1, 1959 to April 30, 1960, were reviewed 
by W. R. Clark, chairman of the Finance 
Committee. For the fiscal year ended 
April 30 1958, income exceeded expendi 
tures by $85,313, but for the fiscal yea 
ended April 30, 1959, expenditures ex 
ceeded income for a deficit of $65,934 
Some stail positions were not filled during 
the year resulting in a saving of $25,000; 
if this had been expended, the deficit 
would have been $90,934. Last February, 
when it appeared that the deficit for the 
fiscal year ending April 30, 1959, would 
be larger than estimated, the Finance 
Committee reviewed the entire budget 
and urgent pleas were made to the various 
departments to keep their estimated ex 
penses for the forthcoming year to a min 
imum. However, 1959-60 
budget was prepared, the estimated ex- 
penses exceeded the estimated income for 
a deficit of $217,469. Realizing that the 
Institute could not continue to operate 
with deficit budgets, the Finance Com 
mittee called a special meeting to which 
the chairmen of all departments were 
invited, and all facets of income and 
expenditures were reviewed with a reduc- 
tion in expenditures in each area to bal 
ance the budget. Expenditures in the re- 


when the 
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vised budget estimate exceeded income 
by only $9,149. This budget was submit- 
ted to the Board which modified it so that 
the estimated expenditures exceed the 
estimated income by $51,949, representing 
an operating loss of about $1 per member. 
Finance Committee Chairman W. R. 
Clark explained that this is not a healthy 
operating condition, but the expected 
deficit could be eliminated if everyone did 
their part. Fo: example, a 10% increase 
in membership would just about balance 
the budget. If the advertising revenue for 
the fiscal year 1959-60 could be increased 
to that obtained in 1957-58, the expendi- 
tures would not exceed the income. In 
adjusting the budget, the Finance Com 
mittee recommended six ways of reducing 
expense and seven ways of increasing 
income which affected practically all 
phases of AIEE operations, not just the 
Publications Department or TOD. It was 
believed that limiting the number of 
Transactions papers to 500 would not 
seriously hamper TOD operations and 
that this restriction would help improve 
the quality of papers. Some members 
think quality improvement desirable. 


Allocation of Budget for Papers 


The allocations of quotas among the 
six technical divisions under the reduced 
budget for the publication of 500 Trans 
actions papers and 250 Conference papers 
in the fiscal year 1959-60 were discussed 
by IL. S. Coggeshall, vice-chairman of 
rOD. A tabulation which had been pre 
pared just before the meeting showed 
that the forecast of the number of papers 
for the 1960 Winter General Meeting 
would exceed the allotment unless firm 
restrictions were applied. Division chair 
men have been given these figures so that 
the problems and suggestions for solutions 
could be considered at their meetings 
Che tabulation indicated that four of the 
divisions and all the general committees 
would be able to adjust to requirements 
within their total allotments by utilizing 
moderately the device of exchanging five 
Conference papers for one Transactions 
paper, or vice versa. General Applications 
and Science and Electronics Divisions had 
planned programs too large to be accom 
modated by manipulating their quotas 
and the TOD reserve was arbitrarily di 
vided between them for relief; however, 
this was inadequate. It was stated that the 
degrading of Transactions papers to pre 
printed Conference papers solely with the 
intention of representing a large number 
of them as Transactions papers in the 
next fiscal year is futile and would merely 
result in publishing many papers for the 
record and for written discussion on a 
schedule perpetually one year late. Mr. 
Coggeshall said that there just does not 
seem to be any way to save printing and 
publication costs on a continually recur- 
ring annual basis without stopping the 
presses just before quotas are exceeded. 
This is what will have to be done. 

In respect to the next fiscal year, Mr. 
Coggeshall did not see any relief in sight. 
He pointed out that the principal sources 
of income are membership dues, advertis- 
ing in Electrical Engineering, and _ regis- 
tration fees at meetings. Registration fees 

(Continued on page 1220) 
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Two Out of Five” 
AIEE Members Know 
A New Building Is Needed 


HOW ABOUT YOU? 


OFFICE (above, left) where the articles and depart- 
ments of Electrical Engineering are edited and the 
pages of the magazine are made up and proof read. 
Above, right: From here are sent annually the hun- 
We are going ahead with 
the New United Engineer- 
ing Center because we have 
confidence that you other 


33,000 Members will do 


your share soon. 


dreds of thousands of pieces of mail intended for AIEE 
Members. The shelves contain the great number of 
back publications which are constantly in demand by 
Institute Members. 


THE OFFICE of the Assistant Secretary for Technical Papers in which all 
*21,000 Members out of 54,- technical and conference papers are processed, sent to reviewing com- 
000 have contributed mittees, and released for preprinting. 
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(Continued from page 1218) 


have been increased to a point of stress if 
not strain. Dues are hardly likely to be 
increased quickly enough to ameliorate 
the situation during 1960. Advertising has 
been adversely affected by cancellations 
accompanying the steel and copper strikes 
before recovering from the business reces 
sion of 1957-58. 

In conclusion, the speaker raised several 
pertinent questions. This year the quotas 
were based on the division forecasts. 
Should this method be repeated or is 
another criterion better, such as the num- 
bers of Transactions papers and Confer- 
ence papers accepted this fiscal year? 
With the establishment of a New Activities 
Committee temporarily cutting across di- 
vision lines to advance new frontiers 
such as Automation, Man Machine Rela- 
tionships, etc., should not this new com- 
mittee get equal call on papers allotments 
when the bulk is being distributed among 
the divisions? Do the present sizes of the 
three bimonthly publications represent 
the optimum balance among the divisions, 
and should they be continued or modi- 
fied? Should TOD concern itself with 
this subject in allotting paper quotas? 


Quality of Technical Papers 


In a prepared paper, “An Appraisal of 
AIEE ‘Technical Papers,” the authors 
F. B. Arnold and C. F. Savage presented 
a method by which it was determined that 
the “quality” of AIEE technical papers 
had improved in the past decade. The 


Wear Your @ AIEE Badge 





method consisted of determining the 
characteristics of objectives of the Insti- 
tute as defined by the constitution, and 
matching these with the characteristics 
of objectives of the authors’ work yield- 
ing a profile match or “quality.” A sur- 
vey of more than $3,000 papers published 
in the AIEE Transactions from 1948 
through 1958 was made. Statistical sam 
pling methods were employed to obtain 
a sample size of 30 papers per year. Each 
paper selected for review and appraisal 
was examined and classified according to 
four major categories of engineering and 
research work and the yearly totals of 
papers in these categories were plotted. 
A smoothed-out version of the plot of the 
proportion of papers in categories 2 and 3 
containing the greatest numbers of papers 
was interpreted as the significant rise in 
the quality of AIEE technical papers in 
the past decade. The methodology used 
in identifying the objectives of the In- 
stitute and the objectives of the paper 
and matching these as a measure of 
“quality” was believed to be useful. 

In the discussion which ensued, W. R. 
Brownlee pointed out that the AIEE had 
preprints available in advance whereas 
some of the other societies did not have 
preprints and that this fact is related to 
quality. The suggestion was made to allo- 
cate a larger quota for papers to the 





before December 29. 


P. Holcomb, Jr. 


59-131 
Veinott 


59-204 
59-205 


59-223 
Thomas, J]. W. Drenning 


59-234 


59-259 


59-261 
59-567 


59-1139 
Meyer 





Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions 
and are now open for written discussion until December 29. Duplicate double 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assistant 
Secretary for Technical Papers, AIEE, 33 W. 39th St., New York 18, N. Y., on or 


58-1143 A Character-Metered Transatlantic Switching System. /. §. Coggeshall, 
Synthesis of Induction Motor Designs on a Digital Computer. C. G 


Matrix Algebra of Sequential Logic. E. J. Schubert 
Symmetric Switching Functions (Matrix Logic V). E. J. Schubert 


Saturable Reactor Control of Full-Wave and Biphase Rectifiers. J. B. 


Power Relationships and Temperature Dependence in the D-C Corona 
Field. ]. B. Thomas, T. R. Williams, T. Suzuki 


A Military 4-Wire Field Telephone Incorporating an Electronic Signal- 
ing System. J. L. Faherty, A. S. Howell 


Back-Transient Diode Logic. G. Wolff 

Dynamic Circuit Theory. H. K. Messerle 

Analysis of Series Generator Series Motor Drive. R. W. Jones, A. U. 
Preprints may be purchased at 50¢ each to members, $1.00 to nonmembers, 


if accompanied by remittance or coupons. Please order by number and send 
remittance to: AIEE Order Department, 33 W. 39th St., New York 18, N. Y. 
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Power Division which has based the 
Transactions on a bedrock foundation. In 
connection with the quality of papers, 
E. U. Lassen raised the question as to 
why there was a much greater number in 
category 2 and belief was expressed that 
categories 2 and 3 more nearly met AIEE 
objectives. President Foote drew atten- 
tion to the value of permanency of tech 
nical papers and Hendley Blackmon ex 
pressed interest in any method which 
indicated that the quality of technical 
papers had improved. With regard to 
quotas for technical papers, past per- 
formance was believed to be a_ better 
method of forecasting; A. P. Fugill sug- 
gested taking history over a 3-year period 
rather than | year. R. A. Imm pointed 
out that history was troublesome in new 
rapidly advancing areas with new mem- 
bers and that forecasting was the best 
method of determining quotas in these 
areas. 


Army Secretary Brucker 
Will Speak at Conference 


Secretary of the Army W. C. Brucker 
has accepted an invitation to address the 
National Conference on the Application 
of Electrical Insulation in Washington, 
D. C., on December 8, 1959, it was an- 
nounced by the organizing committee. 
Secretary Brucker will deliver the prin- 
cipal address at the “Unity of Action” 
banquet to be held in the Sheraton-Park 
Hotel 

Harold Boeschenstein, president, Owens- 
Corning Fiberglas Corporation, of Toledo, 
Ohio, will be toastmaster on that occa- 
sion. 

Keynote of the banquet will be the 
vital role which electrical insulation plays 
in the space age, and the importance of 
unity of action to maintain national ob- 
jectives in this rapidly changing era of 
technology. At that time, a “Golden 
Omega Award” will be presented to one 
of America’s leaders in science and engi- 
neering. The award, which is not limited 
to any particular field, is sponsored by 
Lake Publishing Corporation of Liberty- 
ville, Ill., publishers of Insulation maga- 
zine. 

Varied activities of the conference will 
extend from December 7 through De- 
cember 11, with sessions and exhibits at 
the Shoreham Hotel. Attendance of about 
2,500 persons in industry, research, and 
Government is expected. This will be the 
second national conference. The first was 
held in Cleveland, Ohio, in 1958. 

It was also announced that more than 
100 firms have already contracted for ex- 
hibit space. In addition, there will be 
Government and technical exhibits. Tech- 
nical sessions will be held on December 
8, 9, and 10, running simultaneously in 
three sections—one on distribution equip- 
ment, one on rotating machinery, and one 
devoted to electronics. More than 85 
papers will be delivered. A marketing 
conference on December 7 will precede 
the conference. Many of the participants 
will visit industrial and defense installa- 
tions in the Washington-Baltimore area 
on Friday, December 11. 
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Cooper Union 
Marks 100th Year 


Delegates of about 300 educational in 
stitutions and societies marched in an 
academic procession that opened an all- 
day convocation on Monday, Novembe1 
2, 1959, marking the 100th anniversary 
of the Cooper Union for the Advancement 


of Science and Art 

Some of the oldest institutions in the 
western world were represented in pro- 
cession, including Oxford University, 
founded in 1249, A. D.; the Vatican Li 
brary, 1450; the University of Santo Do- 
mingo, 1533; and Harvard University, 
1646. 

Sessions following throughout the day 
included lectures by Nobel Prize winners 
and other authorities on the general 
theme, ‘““New Values in Science, Art, and 
Society.” 

An academic convocation, starting at 
10:30 a.m. in the Great Hall, was at- 
tended by the institutional delegates and 
by an estimated audience of more than 
1,000 Cooper Union students and faculty 
and invited guests. Dr. M. L. Gould, pres- 
ident of Carleton College, spoke on “Edu- 
cation and Society,” and Dr. C. V. New- 
som, president of New York University, 
brought greetings from the educational 
institutions throughout the academic 
world, 

In the afternoon, two sessions were held 
in the Great Hall. Sir Kenneth Clark, art 
critic and historian and chairman of the 
Arts Council of Great Britain, spoke on 
“Art and Society,” Two recipients of No- 
bel Prizes—Sir John Cockcroft, British 
physicist of the United Kingdom Atomic 
Energy Authority; and Dr. M. C. Urey, 
American scientist now at the University 
of California—shared the second session 
in a discussion of “Science and Society.” 

A centennial dinner for delegates and 
invited guests was held at 7:15 in the 
Grand Ballroom of the Waldorf-Astoria, 
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DUE FOR COMPLETION late in 1960, the new building for Cooper 
Union's School of Engineering (left) is shown in this architect's sketch. 
Voorhees, Walker, Smith, Smith, and Haines are the architects. in the 
engraving (above), Cooper Union is depicted as it stood around the 
year 1860. For 100 years, Cooper Union has offered college instruc- 
tion free of tuition charge and has expanded its accredited courses in 
the fields of science, engineering, architecture, and design. 


where an address on “Government and 
Society” was given by L. B. Pearson, 
member of the Canadian House of Com- 
mons, recipient of the Nobel Prize for 
Peace, and former president of the Gen- 
eral Assembly of the United Nations. 

The centennial program marked formal 
opening of the Cooper Union on the 
evening of November 2, 1859. At that 
time, Peter Cooper announced the begin- 
ning of free courses on the college level 
in science and art, the first free program 
of higher education ever offered in this 
country under private sponsorship. At 
the same time, he announced a series of 
free public lectures in the Great Hall, 
marking the beginning of one of Amer- 
ica’s earliest experiments in free adult 
education. 

Undergraduate enrollment now num 
bers about 1,300 young men and women, 
who have been selected for intellectual 
ability alone, without regard for race, 
creed, sex, or economic status. Its eve- 
ning Forum programs attract audiences 
averaging about 1,000 persons, three times 
a week, 

In connection with its centennial ob- 
servance, which will continue through 
the academic year of 1959-60, the Cooper 
Union has started a development pro- 
gram, of which the first step is the con 
struction of a new building for the 
School of Engineering. The structure is 
now well under way and is expected to 
be occupied during the academic year 
of 1960-61. 

Among thousands who apply for ad- 
mission to the Cooper Union's School of 
Engineering, only 200 are accepted each 
year as students. These 200, having ranked 
highest in the entrance examinations, 
which measure intelligence and _profes- 
sional aptitude, are given 4 tuition-free 
years in a private college that has turned 
out some of America’s great creative engi- 
neers and scientists. 

There are 725 students enrolled this 
year in its day and evening sessions, each 
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on a scholarship which requires only that 
the student maintain a good average to 
get a degree in either civil, electrical, 
mechanical, or chemicai engineering. 

“If we compare the average College 
Entrance Examination Board scores of its 
1959 day freshman class with a compari- 
son standard representing all high school 
seniors,” said N L. Towle, dean of the 
Cooper Union School of Engineering, “we 
find all of the Cooper Union class in the 
top 10% of the high school seniors and 
nearly 2/3 of them (62%) in the top 2% 
of the high school senior average.” 

In a survey sponsored by the Ford 
Foundation, Cooper Union's School of 
Engineering showed up third among the 
nation’s exclusively technical schools in 
the production of scholars, said Dean 
Towle. Only the Massachusetts Institute 
of Technology and California Institute 
of Technology produced a higher pro 
portion of doctorates and fellowship win- 
ners. The leadership of Cooper Union is 
further emphasized by the fact that in 
the survey it ranks first among the ex 
clusively undergraduate technical schools, 
he pointed out. The two great institutions 
ahead of Cooper Union are noted prima- 
rily for their emphasis on graduate study 
and research, he declared. 

“A report of the Office of Scientific Per 
sonnel of the National Research Coun- 
cil,” added Dean Towle, “shows that in 
the period 1936-56, Cooper Union had 98 
graduates who obtained the degree of 
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doctor of philosophy. While the national 
ratio for all colleges in the United States 
is 26.7 per thousand graduates, Cooper 
Union's ratio is 39 per thousand for the 
combined day and evening engineering 
school, and 66 per thousand for the day 
school alone.” 

“When Peter Cooper opened the doors 
of Cooper Union a century ago,” re- 
marked Dean Towle, “he set the standard 
of attainment at equal to the best.” Ex- 
pansion of facilities and periodic revision 


of curriculum offerings through the years 
have kept the Cooper Union School of 
Engineering in a position of leadership 
in the field of engineering education. 
“Construction of a new building for the 
school which is scheduled for completion 
in 1960 will make it possible for Cooper 
Union to maintain its recognized stand- 
ing among technological schools. It will 
be equipped with modern facilities espe- 
cially designed to encourage a close stu- 
dent-teacher working relationship in 


THE DC-8 jetliner 
(above photo)—From 
Development to Com- 
mercial Service—was 
discussed by Harry 
Hjorth of Douglas Air- 
craft Company at the 
October dinner meet- 
ing of the Los Angeles 
Section. Standing be- 
side the model air- 
plane are: (left to 
right) Prof. L. L. 
Grandi, Section secre- 
tary-treasurer; Fred 
Foulon, chairman; Rob- 
ert Milmoe, vice-chair- 
man; and Mr. Hiorth. 
The AIEE Fellow di- 
ploma (photo at left) 
was accepted by G. W. 
Downs (left) of Dy- 
namics Instrumenta- 
tion Company, from 
L. F. Hunt (right), di- 
rector of electrical en- 
gineering, Ralph M. 
Parsons Company, Los 
Angeles, Calif. 


Stanart Photos 
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classroom study and laboratory research, 
and enable us to keep apace with the 
engineering developments of the rapidly 
advancing space age.” 

Among the outstanding men who got 
their start in engineering at Cooper 
Union are Michael Pupin, inventor, elec- 
trical engineer and scientist, and David 
Steinman, builder of the 5-mile-long 
Mackinac Bridge. 


Los Angeles Section 
Hears About New Jetliner 


Five million dollars was the price 
quoted for the new Douglas DC-8 Jet 
Airliner at the ATEE Los Angeles Sec- 
tion’s general session on October 13. 

No orders were taken at the dinner 
meeting but more than 200 members, stu- 
dents, and guests were attentive as the 
speaker, Harry Hjorth, told of the giant 
DC-8 Jet Transport, “From Development 
to Commercial Service.” For the past 4 
years, Mr. Hjorth has been assistant chief 
project engineer for the DC-8. He at- 
tended the University of California at 
Los Angeles and the California Institute 
of Technology and has been with the 
Douglas Aircraft Company for more than 
20 years. 

Using color slides, Mr. Hjorth gave 
technical data on the various systems and 
controls, performance capabilities, and 
interior layouts of the cockpit and cabins. 
A sound and color motion picture of the 
completed airplane on the ground and in 
flight gave visible evidence of the mag 
nificent design and engineering through 
out. 

Two awards further highlighted the 
evening. G. W. Downs, divisional director 
of Dynamics Instrumentation Company, 
South Pasadena, Calif., and vice-pres- 
ident, Applied Physics Corporation, Mon- 
rovia, Calif., was presented with his ATEE 
Fellow diploma, given “for his contri- 
butions to refinement of acoustical and 
data-evaluating apparatus and systems.” 
E. D. Barcus, junior past chairman, Los 
Angeles Section, received his Past Chair 
man Award for “outstanding service to 
the Section and achievement during 1958 
59.” Mr. Barcus is toll service transmis- 
sion engineer with the Pacific Telephone 
Company in Los Angeles, Calif. 


100 Chapters Represented 
At Tau Beta Pi Convention 


Tau Beta Pi’s 54th National Convention 
was held at Purdue University, Lafayette, 
Ind., October 15-17 1959. The Indiana 
Alpha chapter at Purdue was official host. 
One hundred active collegiate chapters of 
the association were represented at the 
session. The convention was also attended 
by Tau Beta Pi’s national officers. 

The convention, headquartered at Pur- 
due’s Memorial Union, consisted of four 
business meetings, several specially ar- 
ranged discussion sessions, and two ban- 
quet programs of particular interest. 

The convention granted a new chapter 
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of Tau Beta Pi to the local engineering 
honor society at Southwestern Louisiana 
Institute, Lafayette, La., which had sub- 
mitted a petition for a charter last winter. 
The new chapter, to be Louisiana Delta, 
will be installed this coming winter as 
the association’s 103rd active undergradu- 
ate group. 

A special program feature at the lunch- 
eon on October 16 was an address by 
Merwin Brandon (AM '28, F ‘44), presi- 
dent, of Underwriters’ Laboratories, Inc., 
Chicago, Ill., and a member of Tau Beta 
Pi. Mr. Brandon spoke on “The Engineer 
and Free Enterprise.” 

A major event of the convention was 
the initiation and banquet on Friday eve- 
ning, October 16. The initiation ceremony 
was conducted by a group of officers of 
Tau Beta Pi. The ceremony brought into 
membership in the association 80 students 
of Purdue and four professional men in- 
cluding Prof. Rufus Oldenburger (M °55) 
of Purdue and C. H. Linder (M '54, F '57), 
vice-president for engineering of the Gen- 
eral Electric Company. Mr. Linder deliv- 
ered the major address on the after-dinner 
program. 

Another feature of the initiation ban- 
quet program was the announcement and 
presentation of the winners of the Out- 
standing Chapter Awards for 1958-59. Top 
prize in this competition went to the 
Texas Alpha chapter at the University of 
Texas, and an honorable mention was 
given to Louisiana Gamma at Louisiana 
Polytechnic Institute. 

On October 17, Dean H. L. Hazen 
(AM ‘26, F °43) of the Massachusetts In- 
stitute of Technology and Prof. H. A. 
Foecke (AM '56) of the University of 
Notre Dame gave talks on the pressing 
need for qualified engineering teachers in 
the next decade. They stressed that the 
coming flood of students to the nation’s 
engineering colleges, plus the normal loss 
of faculty through retirement over the 
next 10 years, will require the recruitment 
of 10,000 new teachers. They led a discus- 
sion among the convention delegates on 
financial aids for graduate study, means of 
securing teaching experience, and _ the 
work that Tau Beta Pi chapters might do 
to encourage qualified engineering stu- 
dents to consider aiming toward college 
teaching careers. 

The convention voted to hold the 1960 
national meeting in October at Lehigh 
University with the Pennsylvania Alpha 
chapter there as official host. Next year 
will mark Tau Beta Pi’s 75th birthday, 
and the 1960 meeting will be designated 
the Diamond Anniversary Convention. 


AN EXTERIOR VIEW is 
shown of the new 
million-dollar electrical 
engineering classroom 
and laboratory build- 
ing on the campus of 
the Missouri School of 
Mines and Metallurgy. 
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Industrial Motors Studied 


A STUDY COURSE covering the application and the control of industrial 3-phase motors was 
presented in eight weekly sessions by the Michigan Section, AIEE. The sessions, which started 
October 1, 1959, were held at the Detroit Edison Company Sales Auditorium. Topics for the 
sessions, conducted by authorities in this field, included: Theory and Characteristics of Induction 
Motors; Starting and Control of Induction Motors; Theory, Characteristics, and Control of Syn- 
chronous Motors; Motor and Control Standards; Inspection and Maintenance; Motor Protection; 
Motor Controllers; Motor Applications. Burkhard Schneider (standing), chairman of the Michigan 
Section, addressed the opening session of the study course. 





Valuable feaures of Tau Beta Pi con- 
ventions are the chapter-work discussions 
and the exhibits at which ideas for school 
and community service projects and chap- 
ter administration are exchanged by the 
delegates, most of whom are presidents 
of their local groups. 

They discussed a program of co-opera- 
tion between the student group and the 
Rochester alumnus chapter of Tau Beta 
Pi which includes career counseling and 
achievement awards for students. This dis- 
cussion was arranged by M. V. Burggraaf 
(AM ‘'50), Tau Beta Pi’s alumni repre- 
sentative. 

Tau Beta Pi is a national engineering 
honor society which was founded at Le- 
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high University, Bethlehem, Pa., in 1885. 
It now has 102 active undergraduate chap- 
ters in United States engineering colleges, 
27 alumnus chapters, and more than 
102,000 initiated members. Students are 
elected to membership by the chapters 
from the top 20% (scholastically) of their 
engineering classes on the basis of char- 
acter and service to their colleges. Alumni 
may be elected on the basis of their 
eminent profession. 


MSM Dedicates 
New Million-Dollar Building 


Dedication ceremonies were held No- 
vember 7, 1959, for the new million-dol- 
lar electrical engineering classroom and 
laboratory building on the campus of 
the Missouri School of Mines and Metal- 
lurgy (MSM) at Rolla, Mo. Principal 
speaker at the dedication ceremony was 
Dr. J. H. Foote, AIEE president. Others 
taking part in the dedication ceremony 
were: Dr. Elmer Ellis, president of the 
University of Missouri; Dean C. L. Wil- 
son, dean of the School of Mines and 
Metallurgy; and Alan Hoener, a member 
of the architectural firm of P. John Hoe- 
ner and Associates who designed the 
building. The classrooms, laboratories, 





and offices of the new building were open 
for inspection by visitors on the dedica 
tion day. 

Funds for the construction of the new 
electrical engineering building were al- 
lotted from the $75 million bond issue 
for Missouri's state institutions which 
passed in 1956. Contracts for the construc 
tion of the building were awarded in 
March 1958, and ground was broken in 
April 1958. The electrical engineering de 
partment moved all classrooms, offices, 
and electronic laboratories into the new 
building at the beginning of the fall se 
mester in September 1959. The electrical 
machinery laboratories were moved later. 

The electrical engineering department 
is the second largest department at MSM 
having a total enrollment of 642 students; 
210 freshmen, 115 sophomores, 168 jun- 
iors, 135 seniors, and 14 graduate students. 
The department staff headed by Prof. 
I. H. Lovett, department chairman, num 
bers 22, including 5 professors, 2 associ 
ate professors, 3 assistant professors, 10 
instructors, and 2 graduate assistants. 


AAAS Schedules 
Section M Engineering Program 


The American Association for the Ad 
vancement of Science (AAAS) will hold 
its 126th annual meeting December 26-31, 
1959, at Hotel Morrison, Chicago, Ill. Two 
days of this meeting, December 28-29, will 
be devoted to the Section M Engineering 


Program on the topic, “National and In- 
ternational Aspects of Systems of Units.” 
The subheading of this topic is “Opera- 
tion SCUDS: Simplification, Clarification, 
Unification, Decimalization, and Stand- 
ardization.” 


The tentative listing of the Section M 
Engineering Program follows: 


Monday, December 28 
Morning Session 


The Confusion of Chaos in Units 
Presiding: C. F. Kayan 


International Viewpoint of an American Engi- 
neer on Units. W. L. Cisler, president, Ameri- 
can Society of Mechanical Engineers. 


Should American Industry Convert to the 
Metric System? Summary of Views Recently 
Expressed by Industry. G. F. Hussey, Jr., man- 
aging director, American Standards Associa- 
tion. 


Our Units of Weights and Measures. L. V 
Judson, Office of Weights and Measures, Na- 
tional Bureau of Standards. 

International Challenge to American Educa- 
tion and its Relationship to the Unit System. 
J. J. Theobald, superintendent of schools, New 
York, N. Y 

Farmers’ and Grain Processes—Unit Simplifi- 
cations. Hamill Varner, manager, grain pur- 
chasing department, Quaker Oats Company. 


he Chaos in Consumer Goods Packaging. 
C. E. Warne, president, Consumers Union. 


Afternoon Session 


Public Education vs. the Consumer Public 
Presiding: H. C. Diehl 


Decimalization in the Schools. J. H. Smith, 





Automotive Styling Featured 


associate superintendent of instruction, Board 
of Education, Chicago, I 


Children vs. Decimals and Other Fractions. 
Lore Rasmussen, D. A. Page, University of 
Illinois Arithmetic Project. 


Food Container Standardization and _ the 
Public Interest. Howard Stier, National 
Canners Association. 


Packaging Identification and Marking. A. C. 
Beardsell, director of New Products Division, 
Mead Corporation 


Common Fractions vs. Decimals in Stock Ex- 
change Reporting. R. M. Bishop, special 
assistant to the president, New York Stock 
Exchange. 


Tuesday, December 29 
Morning Session 


Problems of Design, Manufacture, and 
Commerce 

Presiding: R. J. Painter 

An Investigation of the Effect of Foot Deci- 
malization on Building Design and Construc- 
tion Processes. P. C. Smith, architect, Voorhees, 
Walker, Smith, Smith, and Haines. 


Measuring Units for the Textile Industry— 
Present and Prospective. A. D. Scroggie, tex- 
tile fibers department, E. I. duPont de 
Nemours & Co. Inc. 


English and Metric Systems of Measurements 
in the Forest-Products Industries and their 
Effect on Manufacturing and Construction 
Practices. A. J. Panshin, head department of 
forest products, Michigan State University. 


Machine Tools and the Inch—Meter Conver- 
sion. H. §. Sizer, director of design, Machine 
fool Division, Brown and Sharp Manufactur- 
ing Company. 


Weighing with Decimals. R. E. Bell, chief 
engineer, Toledo Scale Division, Toledo Scale 
Corporation. 


Pro's and Con's of the Weighing Problem vs. 
Decimal and Metric Changeover. C. G. 
Gehringer, manager, M-Scale Division, Fair- 
banks, Morse and Company. 


Afternoon Session 


The Look to the Future 
Presiding: C. E. Davies 


The Decimal Idea in Handling Units. C. D 
Leake, president-elect, AAAS. 


Progress Report on the Changeover Problems 
for Great Britain. A. H. Hughes, deputy 
chairman, British Association Metric Com- 
mittee. 

Status of NBS Study—Project on Ways and 
Means to Accelerate Metric Changeover in the 
U.S.A. A. V. Astin, director, National Bureau 
of Standards. 


Impact of the Multiplicity of Technical Dis 
ciplines on Unit-System Usages. Guy Wadding- 
ton, Office of Critical Tables, National Acad- 
emy of Sciences—National Research Council. 


Accelerated Progress in the Automotive Deci- 
malization Program. R. P. Trowbridge, GM 
Engineering Standards, General Motors Corpo- 
ration. 

Parke-Davis Adopts the Metric System. D. G. 
Neill, manager, materials handling depart- 
ment, Parke-Davis Company. 

Highlights of the Special AAAS Report on 
Metric Usage. Wilmer Souder, chairman, AAAS 
Committee on Metric Usage. 


Conference on Engineering Manpower 


On Monday, December 28, in the Hamil 
ton Hotel, morning and afternoon, six 
leaders of engineering and science will 


discuss “Higher Education in Emerging 
Fields of Science and Technology.” 

Details will be in the program for the 
meeting. 


MAIN SPEAKER at the October dinner meeting of the Michigan Section, AIEE, was John Najjar, 
executive stylist for the Ford Motor Company, who discussed the evolution and problems of 
automotive styling. Pictured here are: (left to right) Robert Albrecht of Consumers Power Com- 
pany, program chairman; Mr. Najjar; and Burk Schneider, chairman of the Michigan Section. 
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The Great Lakes Basin 


in the Mirror Room, Hamilton Hotel, 
Tuesday morning and afternoon, Decem- 
ber 29, and Wednesday morning, Decem 
ber 30, Section M (Engineering) is joining 
in sponsoring three sessions with 20 
speakers on the Great Lakes Basin. The 
engineering treatments will deal with navi- 
gation, power, transportation, water util- 
ization, beach erosion, and water supply. 

The details can be found in the pro- 
gram for the meeting, secured in advance 
from AAAS at 1515 Massachusetts Ave., 
N.W., Washington, D.C., by payment of a 
$3 fee, or at the meeting by registration 
at the Morrison Hotel. 


AAAS Meeting Features 

One of the characteristically dramatic 
features of AAAS meetings is the list of 
addresses by distinguished authorities. 

Details about specific times and places 
for these affairs may be found in the pro- 
gram for the meeting. 

Following is a list by dates of these im 
portant events: 


Saturday, December 26 


Evening Session 


Moving Frontiers of Science IV 


How Did Life Begin. S$. W. Fox, Oceano- 
graphic Institute, Florida State University 


How Artificial Satellites Can Help Scientific 
Research. W. Pickering, Jet Propulsion 


Laboratory, California Institute of Tech- 
nology. 
Sunday, December 27 


Afternoon Session 


Moving Frontiers of Science IV 


Elementary Particles of Modern Physics. R. E. 
Marshak, department of physics and astron- 
omy, University of Rochester. 


Genes, Viruses, and Cancer. W. M. Stanley, 
Biochemistry and Virus Laboratory, University 
of California. 


Evening Session 


Tau Beta Pi Lecture. T. K. Glennan, admin- 
istrator, National Aeronautics and Space 
Administration 


Monday, December 28 
Evening Session 


AAAS Retiring Presidential Address. W. R 
Brode, science adviser, Department of State. 


Tuesday, December 29 
Evening Session 
Society of Sigma Xi and the United Chapters 


of Phi Beta Kappa. L. A. DuBridge, president, 
California Institute of Technology. 


Wednesday, December 30 
Evening Session 


National Geographic Society's Illustrated Lec 
ture on Mava Ruins in Yucatan. E. W. 
Andrews, associate in archaeology, Tulane 
University 


AIEE FELLOWS ELECTED 


Board of Directors Meeting, October 16, 1959 


Edwin Charles Ballman (AM ‘24, M °45), 
chairman of the board, Baldor Electric 
Company, St. Louis, Mo., has been trans- 
ferred to the grade of Fellow in the AIEE 
“... for contributions to design and fabri- 
cation of small electric motors.” He was 
born August 22, 1883, in St. Louis, Mo., 
and received the B.S. degree in electrical 
engineering from Washington University 
in 1906. During 1906-13, he was employed 
by the Wagner Electric Company as an 


Todd Studios 
E. C. Baliman 
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experimental engineer, assistant transform 
er design engineer, and then instrument 
design engineer. In 1913, he organized the 
St. Louis Electrical Works where he was 
chief engineer and vice-president, and 
manufactured a patented rectifier, ball 
bearing electric motors, and other electri 
cal devices. He sold this company in 1920 
and formed the Baldor Electric Company, 
of which he was president until 1959. He is 
presently chairman of the board. He was 
responsible for developing and making 
available to the electrical industry many 
novel products and processes and has 50 
patents to his credit. 


Randolph Williams Burrell (AM °35, M 
42), senior engineer, Outside Plant Bureau, 
Consolidated Edison Company of New 
York, Inc., New York, N. Y., has been trans 
ferred to the grade of Fellow in the AIEE 
“. . . for his contributions in the field of 
power cable engineering and soil thermal 
resistivity research.” He was born in Mil 
wood, N. Y., on April 26, 1905. Mr. Burrell 
attended Rensselaer Polytechnic Institute, 
received the electrical engineering degree in 
1925 and, under a graduate fellowship, the 
Eng.D. degree in 1928. Prior to this, he 
worked summers for the New York Edison 
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R. W. Burrell 


Company (1924-26) and the General Rail- 
way Signal Company (1927). In 1928, he 
was employed in the railway engineering 
department of the General Electric Com- 
pany. In 1929, he joined the New York and 
Queens Electric Light and Power Company 
and, following the absorption of this sub- 
sidiary in 1937, has been associated with 
the Consolidated Edison Company of New 
York, Inc. His work has included trans 
mission and distribution planning in 
earlier years and for the past 15 years has 
been in the field of power cable engineer 
ing. He was an instructor during 1931-33 in 
the New York Edison School and, in 1934- 
38, taught electrical engineering in the 
Cooper Union Evening Engineering School. 
In the field of power cable engineering, 
he has directed laboratory and field studies 
to establish basic information regarding 
electrical and thermal characteristics of 
power cable systems, including industry- 
sponsored studies, and has been the author 
or coauthor of various technical papers 
reporting on these studies. He has initiated 
methods for improving the economical 
application of power cable in the trans- 
mission and distribution field. Dr. Burrell 
is a member of Sigma Xi and of the New 
York State Society of Professional Engi- 
neers. He serves on the AIEE Insulated 
Conductors Committee (1955-60) and has 
been chairman of Subcommittee No. 14 
which is supervising an industry-wide re 
search study, carried out at the Soil Physics 
Laboratory of Princeton University, to 
investigate the thermal resistivity charac 
teristics of soils. 


Joseph Stuart Johnson (AM ‘37, M '43), 
professor of electrical engineering and 
dean of the College of Engineering, Wayne 
State University, Detroit, Mich., has been 
transferred to the grade of Fellow in the 
AIEE “.. . for contributions to engineering 
education.” He was born May 8, 1912, in 
Gower, Mo. He studied electrical engineer- 
ing, received his B.S. degree in 1932 and 
his M.S. degree in 1934, both from the 
University of Missouri, and was awarded 
the Ph.D. degree from Iowa State College, 
now Iowa State University. During 1934 
36, Dr. Johnson was a graduate teaching 
assistant, and, in 1936-37, an instructor at 
lowa State College. He was instructor and 
assistant professor of electrical engineering 
at Missouri School of Mines and Metal- 
lurgy in 1937-44, assisting also in the sev- 
eral defense and war training programs 
assigned to that institution. In 1944, he 
was commissioned lieutenant junior grade, 
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4. $. Johnson 


U. S. Naval Reserve. He took preradar 
training at Bowdoin College and radar 
training at the Massachusetts Institute of 
Technology. In 1945, he was assigned as 
electronics officer in the Far East serving 
as staff officer for naval electronics activ 
ities in the Japanese area and was pro 
moted, in 1946, to lieutenant senior grade. 
In June 1946, he was appointed by the 
University of Florida as associate research 
engineer for the supervision of electrical 
engineering research, and, in 1947, he was 
promoted to professor of electrical engi 
neering and assistant dean of engineering 
a position he held until 1954. He then 
moved to Lafayette, Ind., to become head 
of the School of Electrical Engineering at 
Purdue University. In 1957, he was named 
dean of the College of Engineering at 
Wayne State University, Detroit, Mich 
He is a senior member of the Institute of 
Radio Engineers, a member of the Ameri 
can Society for Engineering Education, the 
Michigan Engineering Society, the Engi 
neering Society of Detroit, Eta Kappa Nu, 
Sigma Xi, and Tau Beta Pi. He is a reg 
istered professional engineer of the State 
of Indiana, He has served as AIEE student 
branch counselor, Missouri School of Mines 
(1989-48); chairman of AIEEE 
branch counselors. Southwest District 
(1940-41); AIEE Central 
Indiana Section (1956-57); and as a mem 
ber of AIEE Committees, as follows: Edu 
(1955-58); Research (1955-58); 
Fortescue Fellowship (1956-60); and Basic 
Sciences (1956-58). 


student 


vice-chairman, 
cation 
Walter Kavanagh MacAdam (M °49), as 
sistant chief engineer, American Telephone 


and ‘Telegraph Company (AT&T), New 
York, N. Y., has been transferred to the 
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grade of Fellow in the AIEE “. . . for con- 
tributions to the growth and improvement 
of telephone communications.” Born No- 
vember 16, 1913, in New York, N. Y., he 
received both his bachelor’s and master’s 
degrees in electrical engineering from the 
Massachusetts Institute of Technology. 
After graduation in 1937, he joined the 
long lines department of AT&T, working 
on various engineering assignments in the 
South. In 1942, he was transferred to the 
operation and engineering department in 
New York where he worked in the Induc 
tive Co-ordination Group. In 1949, he 
headed this group which dealt with inter- 
ference problems resulting from railroad 
and utility power systems, lightning pro 
tection, and corrosion. In 1951, he headed 
another group in the Plant Extension 
Section, responsible for setting up nation 
wide dialing plans for operator and cus- 
tomer dialing of intercity calls, and then 
returned to the long lines department as 
division plant superintendent in Denver, 
Colo. Following this assignment, he joined 
the Western Electric Company in 1953, 
heading the engineering force in charge 
of constructing the initial stations for the 
Arctic radar line known as the Distant 
Early Warning System. He then returned 
to the long lines department as area chief 
engineer at White Plains. In March 1956, 
he was appointed transmission engineer 
of the AT&T operation and engineering 
department, a position he held until July 
1959 when he was appointed building and 
equipment engineer. In October 1959, he 
was appointed assistant chief engineer of 
AT&T. His duties include the supervision 
of engineering functions associated with 
radio, wire, and other means of transmis 
sion, outside plant engineering, and the 
engineering aspects of data transmission, 
teletypewriter, and other nonvoice services. 
Mr. MacAdam is a senior member of the 
Institute of Radio Engineers, a member of 
Tau Beta Pi, and Sigma Xi. He has served 
on the following AIEE Committees: Elec 
tronic Power Converters (1949-51); Wire 
Communications Systems (1956-60); Data 
Communication (1957-60, chairman 1959 
60); Professional Conduct (1957-60, vice 
chairman 1959-60); and Standards (1957-60). 


Willard Robert McCarty (AM °37, M '45) 
supervisor of electrical engineering, de 
partment of research and development, 
Wagner Electric Corporation, St. Louis, 
Mo., has been transferred to the grade of 
Fellow in the AIEE “. . . for contributions 
to techniques of high-voltage and corona 
tests of power transformers.” Born in 
Carmi, Ill., on October 24, 1903, he was 
graduated from the University of Illinois 
in 1927 with a B.S. degree in electrical en 
gineering. He was employed by the Wagner 
Electric Corporation as an electrical engi 
neer in the transformer department where 
he designed small distribution transform 
ers and gradually expanded into larger 
ratings until about 1940 when he took 
charge of design of all distribution trans 
formers, including air-cooled, potential, 
and monocyclic square constant current 
transformers. He did research work on 
many components that led to improvement 
in the manufacturing and developing of 
distribution and power transformers. Since 
1933, he has had charge of a 2-million 
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W. R. McCarty 


volt and later a 3-million volt impulse 
generator, by use of which research and 
testing was done on insulation structures, 
bushings, arresters, and transformers from 
which new knowledge was gained for the 
improvement in new high-voltage designs. 
He was promoted to supervisor, in 1947, of 
all electrical engineering of distribution 
transformers and small air-cooled trans 
formers. In 1956, he was promoted to 
supervisor of electrical engineering of the 
research and development department and 
was also placed in charge of the high 
voltage laboratory. Work was done which 
contributed to the techniques of high 
voltage testing and corona tests of high 
voltage transformers. Mr. McCarty is a 
registered professional engineer in the State 
of Missouri. He has been a member of the 
AIEE Dielectric Test Subcommittee since 
1948 and is also serving on the subcommit 
tee for writing an impulse test guide. 


Asa Herbert Myles (AM ‘38, M '45), chiet 
engineer, Electric Controller & Manufac- 
turing Division, Square D Company, Cleve 
land, Ohio, has been transferred to the 
grade of Fellow in the AIEE “.. . for con 
tributions by invention and development 
of electrical controls for heavy industry.” 
Born in LaRue, Ohio, on August 21, 1906, 
he received his B.S. degree in electrical 
engineering from Ohio University in 1929. 
In 1929-30, he was employed by the State 
of Ohio supervising the installation, con 
struction, and maintenance of _ state 
operated facilities in the Cleveland area. 
In 1930, he joined the Electric Controller 
& Manufacturing Company and, until 
1935, was assigned to the electrical draft- 
ing and design sections. In 1935-43, Mr. 
Myles was a control engineer responsible 
for the design and satisfactory operation of 
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heavy duty industrial controls tor the steel, 
chemical, petroleum, mining, rubber and 
plastic, and allied industries. In 1943, he 
was made assistant chief engineer in charge 
of control engineering, drafting, test, and 
service sections of the company. In 1956, 
following the merger with Square D Com- 
pany, Mr. Myles was promoted to chief 
engineer of the Electric Controller & 
Manufacturing Division, responsible for 
the design and engineering of new prod- 
ucts and new systems, and the redesign 
and improvement of existing products and 
systems, direct and co-ordinate control 
engineering, service and engineering pol 
icies. He is a member of the National 
Electrical Manufacturers Association, the 
Association of Iron and Steel Engineers, 
and the Iron and Steel Institute of Eng- 
land. He has served on the AIEE Indus 
trial Control Committee (1950-60) and 
Metal Industry Committee (1958-60) 


Alfred Leon Pollard (M ‘40), operating 
manager, Puget Sound Power & Light 
Company, Bellevue, Wash., has been trans 
ferred to the grade of Fellow in the AIEE 
2 for contributions to development 
and operating management of a large 
electric utility.” Born May 17, 1893, in 
Westboro, Mass., he studied mechanical 
engineering at Wentworth Institute, Bos 
ton, Mass., and graduated in 1915. Upon 
graduation, he was employed by Stone & 
Webster as a student engineer, assigned to 
the Houghton County Electric Light & 
Power Company, Houghton, Mich. In 
1917-19, he served as a second lieutenant 
in the U, S. Army air service. Following 
World War I, he became maintenance en 
gineer of the Blackstone Valley Gas & 
Electric Company, Pawtucket, R. I. In 
1920, he was transferred by Stone & Web 
ster to the Nova Scotia Tramway Power 
Company at Halifax, Nova Scotia, as as 
sistant chief engineer. His next assignment 
took him to El] Paso, Texas, where he was 
an assistant chief engineer for the El Paso 
Electric Company in charge of mainte 
nance and operation of a 34,000-kw steam 
plant and two transmission substations. 
Following that, he served 2 years as assist 
ant chief engineer of the Tampa Electric 
Company. He then moved to Boston where 
he was power engineer for Stone & Webster 
Engineering Corporation, supervising con 
struction and operation of steam-electric 
plants. He moved to the Far West in 1930 
to become superintendent of the Steam 
Division for Puget Sound Power & Light 
Company. In 1932, while retaining respon- 
sibility for the thermal generation and 
steam heat activities, he also became as- 
sistant general superintendent of the light 
and power department, Central District. 
Here, his duties had to do with substation, 
overhead, underground, and meter depart- 
ment operations. He was advanced, in 
1935, to general superintendent, light and 
power department, Central District. The 
following year, he became general super- 
intendent of light and power, Executive 
Office. This position gave him responsi- 
bility for electrical construction, operation, 
and maintenance for the entire Puget 
Sound Power & Light Company. In that 
year, he qualified as both a mechanical 
and electrical engineer in the State of 
Washington. He became operating man- 
ager for the company in 1950, extending 
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A. L. Pollard 


his responsibilities to include all engineer- 
ing, operating, and purchasing. By 1953, 
the need for additional generation became 
evident, and he turned his administrative 
and technical talents to the economic 
solution of that problem. The result is 
the Upper Baker River Project, at 94 mva, 
the largest automatic hydroelectric plant 
in the Pacific Northwest. He has served on 
the AIEE Power Generation Committee 
(1947-57). 


Ralph Emerson Thornton (M °32), super 
intendent of engineering, Oklahoma Gas 
and Electric Company, Oklahoma City 
Okla., has been transferred to the grade 
of Fellow in the AIEE “. . . for contribu 
tions to planned expansion of a utility 
power system.” Born April 29, 1903, at 
Keokuk Falls, Indian Territory, which is 
now Oklahoma, he received the B.S. degree 
in electrical engineering from the Univer 
sity of Oklahoma in June 1925. While at 
the University of Oklahoma and during 
summer vacations, he worked part-time 
for the Oklahoma Gas and Electric Com 
pany and became a full-time employee 
upon graduation. He spent a year in the 
general office engineering department and 
was transferred in July 1926 to the Cen 
tral Division with headquarters at Sapulpa 
He was made division engineer of the 
Central Division in January 1927 and re 
mained in that position until July 1935, 
when he was transferred to Fort Smith, 
Ark., as Arkansas Division engineer. He 
remained there until November 1941 and 
was then transferred to the general office 
in Oklahoma City as chief distribution 
engineer, a position he held until he was 
called into the Army in July 1943. He 
served in the Engineering Corps in the 
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Arctic on the construction, operation, and 
maintenance of Arctic air bases. The last 
18 months were spent at Goose Bay, 
Labrador. In March 1946, he returned to 
his position as distribution engineer and 
remained there until November 1946, 
when he was superintendent of engineer- 
ing. In September 1950, he returned to the 
Armed Service as commander of a reserve 
Engineer Construction Battalion, trained 
at Camp Carson, Colo. When the training 
was completed, he became executive of 
the post engineer installation at Fort 
Riley, Camp Funston, and Camp Forsythe. 
Kans. He was transferred to St. Louis, Mo., 
as post engineer of the St. Louis Medical 
Depot and staff engineer for the command- 
ing general of the Missouri Military Dis 
trict. Upon release from active military 
duty in August 1952, he returned to 
Oklahoma Gas and Electric Company as 
superintendent of engineering. He is a 
registered professional engineer in the State 
of Oklahoma, and a member of Scabbard 
and Blade, Eta Kappa Nu, the National 
Society of Professional Engineers, the 
Oklahoma Society of Professional Engi 
neers, the Society of Military Engineers, 
and the Reserve Officers Association. He 
has served on the following AIEE Com 
mittees: Transmission and Distribution 
(1952-60); System Engineering (1953-54); 
and Petroleum Industry (1954-56). 


Harold Torgersen (AM '31, M '39), profes 
sor of electrical engineering and dean, 
School of Engineering, University of 
Connecticut, Storrs, Conn., has been trans 
ferred to the grade of Fellow in the AIEE 

. for contributions to engineering edu 
cation.” He was born in Brooklyn, N. Y., 
on January 2, 1910, and received the B.S. 
degree in electrical engineering, cum 
laude, from New York University (NYU) 
in 1929. After working briefly for the 
General Electric Company, he became in 
structor of electrical engineering at NY 
in 1930. He was granted a leave of absence 
to spend a year in full-time graduate study 
at Harvard University, where he received 
the M.S. degree in engineering in 1939 
He returned to NYU as assistant professor 
of electrical engineering and participated 
in the development of the graduate pro 
gram. In 1941, he was called to active duty 
as a lieutenant junior grade in the Naval 
Reserve and was assigned to teach at the 
Naval Academy. In 1945, he was appointed 
head of the electronics department of the 
Naval Post-graduate Communications 
School and was discharged from active 
duty in 1946 with the rank of Commander, 
USNR. He rejoined the faculty of NYU 
as associate professor of electrical engi- 
neering and assistant director of the 
Evening Division of the College of Engi- 
neering. Subsequently, he became assistant 
dean in charge of the Evening Division 
and professor of electrical engineering. In 
1952, he was appointed assistant dean of 
the College of Engineering, and, in 1954, 
he became associate dean. During 1952-53, 
he also served as acting chairman of the 
department of electrical engineering. He 
contributed to the development of a new 
program at NYU in the humanities and 
social studies for engineering students and 
to the establishment of a curriculum in 
engineering science. He also participated 
in the development of the graduate pro- 


1227 





U Conn Photo 
Harold Torgersen 


gram conducted by NYU at Bell Tele- 
phone Laboratories in Murray Hill, N. J. 
In 1957, he was appointed professor of 
electrical engineering and dean of the 
School of Engineering at the University 
of Connecticut. Under his administration, 
a graduate program in nuclear engineering 
has been established and the graduate 
programs in other fields of engineering 
have been expanded to the doctoral level. 
He is a member of the Institute of Radio 
Engineers and a member of the American 
Society for Engineering Education where 
he is currently chairman of the Manpower 
and Military Affairs Committees. He has 
served on the Engineering Manpower 
Commission. He is also a member of Eta 
Kappa Nu, Pi Tau Sigma, Tau Beta Pi, 
the Connecticut Society of Civil Engineers, 
the Harvard Engineers Club, and the 
Harvard Club of New York City 


Walter Raymond Wilson (AM '43, M '48), 
manager of engineering, high-voltage 
switchgear department, General Electric 
Company (GE), Philadelphia, Pa., has 
been transferred to the grade of Fellow 
in the AIEE “. . . for contributions to de- 
velopment of high-voltage switchgear.” 
Born in South Bend, Ind., on May 3, 1919, 
he received the B.S. degree in engineering 
physics from the University of Michigan 
in June 1941. He joined GE in June 1940, 
working in the Detroit Service Shop and 
has remained with GE to the present time. 
In 1941-42, he worked on electric contacts 
and arcs in the Research Laboratory. Dur 
ing 1942-49, he worked on_ high-voltage 
phenomenon in the Electrical Research 
Section of the Transformer and Allied 
Products Laboratory at Pittsfield, Mass. 
In 1949-54, he was manager of the Electri- 
cal Section in the Switchgear Products 


W. R. Wilson 
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Laboratory, Philadelphia, investigating 
high current and high-voltage phenom- 
enon. In 1954-56, he was manager, engi- 
neering research, switchgear and control 
laboratories department, Philadelphia. He 
became manager of engineering, high-volt- 
age switchgear department, in 1956. In 
1944, the American Society of Civil Engi- 


neers awarded him the Alfred Noble Prize 
for a paper on corona in aircraft electrical 
systems. He was a U. S. Delegate to the 
International Electrotechnical Commission 
meeting in Madrid 1959. He is a member 
of the International Conference on Large 
Electric Systems. He has served on the 
AIEE Switchgear Committee (1956-60). 


AIEE PERSONALITIES 


A. H. Belliveau (AM '54) has retired from 
the Automatic Electric Company, North- 
lake, Ill., after more than 34 years with the 
firm. He joined the subsidiary of General 
Telephone & Electronics in 1925 after 
reading a book on automatic telephony 
which had been written by one of the 
company’s engineers. During his long serv 
ice with the telephone manufacturing com 
pany, he served in the receiving, inspec- 
tion, quality control, and industrial engi- 
neering departments, and as accountant, 
secretary, and technical writer in the labo- 
ratory organization. In 1944, he was pro- 
moted to the patent department. He be- 
came senior patent engineer in 1952. He 
has been credited with seven patents for 
the application of telephone-type relays 
and switches for industrial control and 
automation uses 


A. N. Curtiss (M '57), former manager of 
the West Coast missile and surface radar 
department of the Radio Corporation of 
America, has been promoted to general 
manager while the department has been 
raised to divisional status. He is a member 
of the AIEE Fortescue Fellowship Com- 
mittee (1957-60). 


H. C. Graves, Jr. (AM '23, M '43), of Del- 
mont, Pa., president of the Gibson Electric 
Company, has been re-elected chairman of 
the Industrial Relations Committee, Elec- 
trical Contacts Section, of the National 
Electrical Manufacturers Association. The 
Section is composed of manufacturers of 
electrical contacts used in making preci 
sion switches for industrial apparatus. 


John Gronan (M '54) has been appointed 
chief project engineer in the nuclear power 
engineering department of Alco Products, 
Inc., Schenectady, N. Y. He was formerly 
associated with the Cunard Line and with 
the engineering consultant firm of Burns 
and Roe, Inc. 


H. B. Haig (M '47) has retired from the 
ordnance department, Defense Electronics 
Division, of General Electric Company, 





Correction: On p. 967, column 1, of the 
September issue of Electrical Engineering, the 
sition of Robert Paxton was incorrectly 
implied to be chief executive of the General 
Electric Company and chairman of the com- 
pany's Board of Directors. He is now president 
of General Electric and has over-all responsi- 
bility for the company’s operating components. 
He succeeded Ralph Cordiner as president, but 
Mr. Cordiner currently holds the positions of 
chief executive of the company and chairman 
of the Board of Directors. 
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Pittsfield, Mass., after 43 years of service. 
All of this time was spent in the develop- 
ment, design, and manufacture of fire con- 
trol equipment for the U. S. Navy. He will 
continue with the ordnance department as 
a consultant for the remainder of 1959. 


A. 8. Hoagland (AM °49, M °57) has been 
appointed manager of engineering sciences 
research at the San Jose, Calif., research 
laboratory of International Business Ma- 
chines Corporation. He was formerly senior 
research engineer, responsible for large 
scale memory research. 


W. D. Olmsted (AM °58) has been named 
to the switchgear department of Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., as an application engineer. 
He joined Allis-Chalmers in 1958 and had 
been a sales representative in the firm’s 
Milwaukee district for the last 4 months. 


OBITUARIES 


Einer A. Brofos (AM '07, M ‘18, Member 
for Life), telephone and radio broadcast- 
ing industry pioneer, died recently in 
Great Barrington, Mass., at the age of 76. 
A retired vice-president of International 
Standard Electric Corporation, subsidiary 
of International Telephone and Telegraph 
Corporation (ITT), he introduced the first 
complete radio broadcasting station to the 
Scandinavian countries at Oslo, Norway, in 
1922, and Scandinavia’s first automatic 
rotary telephone equipment. He was also 
instrumental in establishing ITT factories 
in Scandinavia. Born December 23, 1882, in 
Christiania, Norway, he attended Electro- 
technical College in Christiania from 
which he graduated in 1902. In 1900-01, he 
was shop and installation apprentice for 
the Elektrisk Bureau of Christiania. Dur 
ing 1903-09, he was equipment engineer 
for the American Electric Telephone Com 
pany of Chicago, Ill. He joined the 
Western Electric Company as a telephone 
engineer in New York in 1910 and trans- 
ferred to the Bell Telephone Manufactur- 
ing Company in Antwerp, Belgium, in 
1912. During 1914-24, he held various en 
gineering posts.in the ITT system, and, 
in 1924, became ITT’s European commer- 
cial manager with headquarters in Lon- 
don. In 1939, he moved his headquarters 
to Norway where he remained throughout 
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World War II, surviving the German oc- 
cupation. He returned to the United States 
in 1949, from Denmark, and retired in 
1950. Mr. Brofos was decorated by the 
King of Norway with the Knight’s Cross, 
Ist Class, of the Order of St. Olav, and by 
the King of the Belgians with the Knight’s 
Cross, Ist Class, of the Order of Leopold. 


Henry Chamberlain Clement (AM ‘07, M 
13, Member for Life), an electrical engi 
neer with the General Electric Company 
(GE) for 40 years until his retirement in 
1948, died recently at his home in Ruther- 
ford, N. J., at the age of 77. He joined GE 


in October 1904, following graduation 
from the University of Vermont with a 
B.S. degree in electrical engineering. He re- 
turned to the university in 1905 to become 
an instructor in electrical engineering and 
to take postgraduate work in electrical 
engineering. He did interurban railway 
and central station engineering for J. C. 
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White, New York, N. Y., and after this 
became valuation engineer with the New 
York State Public Service Commission. He 
returned to GE in 1910, as salesman, Light- 
ing Sales Division, New York District. In 
June 1919, he was assigned to integration 
of companies in the syndicate department, 
and, in 1923, he was representative in the 
Sales Division of the central station de- 
partment. He became assistant to the 
manager of the New York District in 1942. 


Paul MacGahan (AM ‘02, M °'15, F °42, 
Member for Life), an electrical engineer 
with Westinghouse Electric Corporation 
for 48 years until his retirement in 1945, 
died recently at his home in Orange, N. J. 
He held more than 80 patents on electrical 
devices he designed privately and for West- 
inghouse. One of his inventions was a 
motor for electric clocks. Born August 13, 
1874, in Biarritz, France, he received the 
electrical engineering degree in 1896 from 
the School of Mines at Columbia Univer- 
sity. In 1896-98, he took the shop course 
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at Westinghouse Electric and Manufactur- 
ing Company. During his career, he spe- 
cialized in the development of measuring 
instruments. He was a member of Sigma 
Xi fraternity. He served on the follow- 
ing AIEE Committees: Protective Devices 
(1918-20); Instruments and Measurements 
(1922-45); and Technical Program (1931 
33). 


Robert C. Schwantes (AM '51), research 
engineer for the Univac Division of Rem 
ington Rand, Inc., St. Paul, Minn., died 
recently at the age of 32. He was born 
December 22, 1926, in St. Paul. In 1949, he 
received the bachelor’s degree in electrical 
engineering from the University of Min- 
nesota, and later took his master’s and 
doctor's degrees in electrical engineering 
from the university. Dr. Schwantes was 
employed in 1949 as a research associate 
for the Lighting and Transients Research 
Institute Minneapolis, Minn. He was a 
member of Eta Kappa Nu, electrical en- 
gineering honor society. 
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OF CURRENT 
INTEREST 


TRAINING of military personnel in the complex technology of 
the nuclear and space age will be speeded up by the use of the 
“Tutor,” an automated teaching machine, developed by Western 
Design Division of U. S. Industries, Inc. Multiple-choice solu- 
tions to problems are seen on the viewing screen where images 
are controlled by pushing the numbered buttons on the selector 
keyboard. The answer chosen and the time elapsed from the pre- 
vious answers are recorded by the printing mechanism at the top 


of the cabinet. 


Automated “Tutor” Ensures 


Active Student Participation 


4 “TEACHING MACHINE,” specifically 
designed to meet the needs of complex 
modern industrial and military training 
programs, was introduced recently by 
Western Design, a division of U. S. In- 
dustries, Inc. 

Called the “Tutor,” the new automated 
device ensures active participation by the 
student, while simultaneously grading his 
work and timing his performance. It is 
part of a completely new tutoring method 
which is intended to augment teaching 
and training procedures in use at the 
present time 

While incorporating basic characteris- 


tics of all mechanical teachers—present- 
ing information to be learned in words 
and pictures and testing the trainee—the 
Tutor has two features which represent 
a major breakthrough in the development 
of teaching machines. 

By treating the trainee as an intelligent 
human being, the Tutor advances him at 
a rate determined by his demonstrated 
ability to absorb the information pre- 
sented, 

In addition, it records the progress of 
the trainee and provides a record of the 
individual’s approach and reasoning proc- 
ess. 


INTERIOR of the 
“Tutor’’— automated 
teaching machine. A 
technician installs a 
reel containing 10,- 
000 frames of visual 
material used in the 
instructoriess teach- 
ing system devel- 
oped by Western De- 
sign. 


Of Current Interest 


Provides Interaction 

C. W. Sponsel, president of Western 
Design, said the automated Tutor for the 
first time makes possible interaction be- 
tween a teaching machine and the trainee. 

“No teaching machine has ever before 
been able to do the complete teaching 
function by achieving such thorough stu- 
dent participation, although this has been 
the ultimate aim of all of them,” Mr. 
Sponsel said. 

He added that the tutoring method 
perfected by Western Design and used in 
its new teaching device will be adapted 
to book format. In this connection, a con- 
tract has been negotiated with Double- 
day & Co., Inc., under which Doubleday 
will begin publication in 1960 of a series 
of books utilizing this system of teaching. 

The Doubleday books will be of a 
scrambled nature—their pages will not be 
arranged in any consecutive order. The 
sequence will be so arranged as to ensure 
that the student has full grasp of one 
concept before he proceeds to the next. 
The texts will cover a wide variety of 
technical and general interest subjects. 


Automated Device 

The Tutor is partly a picture projector, 
which also will present moving sequences, 
and partly an automation system. In sim- 
plest terms, it can be described as an 
automated “reader” that locates and pre- 
sents any selected image or images when 
a number is punched on its keyboard. 

The student begins by pushing the 
number | on the keyboard, and the image 
number | appears on the viewing screen. 
The image contains the first unit of in- 
formation on the given subject, plus a 
multiple-choice question based on that 
information, with each alternative answer 
showing a new image number before it. 
The student selects his answer and enters 
its number on the keyboard, whereupon 
the Tutor locates and presents the new 
image. If the answer was incorrect, the 
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image tells the student so, explains why, 
supplies him with additional material to 
correct his error, and instructs him to 
return to the first image and try again 

If the student selects the right answer, 
however, the device congratulates him, 
supplies him with the next unit of infor- 
mation and the next multiple-choice 
question. 

Thus, the machine develops knowledge 
of the subject matter step-by-step, at any 
student’s own pace, making sure at each 
step that the point has been grasped com- 
pletely. 

The machine includes a film bank ac- 
commodating up to 10,000 frames, auto- 
matic sequence and projection apparatus, 
selector buttons, viewing screen, and a 
tape printing mechanism which records 
the student’s progress. In addition, it con- 
tains a search control mechanism partly 
electromechanical, in which electronic ele- 
ments contain no vacuum tubes but only 
solid-state devices for highest reliability. 

The functional specifications of the 
Tutor are as follows: 


1. Film Used: All material, microfilmed 
or motion-picture, is handled on 35-mm 
motion-picture film 

2. Film Capacity: The device holds up 
to 10,000 microfilmed or motion-picture 
images, any one of which may be selected 
by number from the selector keyboard. 

3. The Image: The image is presented 
on a rear projection screen with an area 
of 8.2 inches horizontal by 11.2 inches 
vertical. 

4. Search Speed: The machine covers 24 


images per second while moving to the 
image selected. 

5. Search Method: The search control 
unit is bi-directional, and searches either 
forward or backward from any given po- 
sition without resetting. 

6. Recording Mechanism: The sequence 
of images viewed by the student, and the 
time spent viewing each, are recorded nu- 
merically on a paper tape. Time is re- 
corded cumulatively. 

7. Reliability: The film-handling mech- 
anism is a specially designed, professional 
quality, 35-mm picture projector includ- 
ing a highly reliable search control de- 
vice. The only maintenance is routine 
cleaning and oiling of the moving parts 
every 200 hours of use 


Reduces Training Time 


“The new teaching device,” said Mr 
Sponsel, “reduces time in training, and 
gives a better level of education with at 
least a 20 per cent saving in training 
time. It is a simple matter to revise micro- 
film in the machine to keep up with 
technological changes in subject mattter 
presented. The machine provides com- 
plete control of subject matter and assures 
efficiency of training, since it will show 
immediately if any one subject is not 
being covered properly.” 

Western Design plans to have a com- 
plete line of Tutors ranging in price from 
$200 to $12,000. There will be standard 
materials available for the machines and 
special courses will also be prepared. The 
machines will also be offered on a lease 
basis. 





Air-Conditioned Suit 
Being Developed for Navy 


The fighting man of the future some 
day may be individually air-conditioned. 
Placed inside a protective garment, a 
miniature air conditioner would create 
an artificial environment, keeping him 
dry and comfortable at temperatures 
from the below-zero cold of the far North 
to the searing heat of the tropics. 

Under a contract with the U.S. Navy, 
Westinghouse scientists and engineers al 
ready are at work on the advanced air- 
conditioning “package” needed to bring 
the suit to reality. 

Dr. R. A. Ramey, manager of the West- 
inghouse new products engineering de- 
partment, said that the air conditioner is 
being developed for the Clothing and Tex- 
tile Division of the U.S. Naval Supply Re- 
search and Development Facility, Ba- 
yonne, N.J., where it will be built into an 
experimental “lightweight, impermeable, 
insulated, personnel protective garment.” 

Dr. Ramey reported that the air con- 
ditioner will use thermoelectric cooling 
which is accomplished simply by passing 
an electric current through small elements 
of a solid semiconductor material. By re 
versing the current, the thermoelectric 
materials will heat instead of cool. Thus, 
the air inside the suit can be heated, 
cooled, and maintained at any desired 
temperature automatically. 

The complete air conditioner, Dr. Ra- 
mey said, will consist of three main com- 
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ponents: a thermoelectric cooling and 
heating unit, a lightweight battery power 
supply, and a blower system to circulate 
the air inside the suit. The air conditioner 
will be designed to maintain the tempera- 
ture in the suit at comfortable levels, 
roughly equal to that normally encoun 
tered on a warm pleasant summer day, 
while the suit is being worn in tempera- 
tures ranging from 40 below zero to 135 F. 

“Although electrically heated units 
have had rather widespread military use, 
this marks the first time that an attempt 
has been made to completely air-condi- 
tion an individual garment,” Dr. Ramey 
pointed out. “Until the advent of thermo- 
electric refrigeration, there has been no 
light, compact, portable means for ait 
cooling on the scale required. This air- 
conditioned suit is an excellent example 
of the important new applications made 
possible by this revolutionary new re- 
frigeration technique that requires no 
moving parts and can be built to cool a 
cubic inch of space just as efficiently as it 
does a full-scale refrigerator.” 

The conditioned air circulating inside 
the Navy suit will not be used for breath- 
ing purposes. A separate external system, 
provided by the Government, will supply 
air for respiration. The most efficient, 
lightweight, rechargeable batteries will 
power the air conditioner and will sup- 
ply enough electric energy to operate the 
suit for a minimum of one hour. In addi- 
tion, the suit will be designed so that it 
can be plugged into an external power 
source, Dr. Ramey reported. 
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Future Meetings of Other Societies 


Society of Plastics Ts 
Regional Technical Conference on Sta- 
bility of Plastics, joint National Acad- 
emy of Sciences (NAS), Dec I, NAS 
Auditorium, Washington, D. C. Myron 
DeFries, Atlantic Research Corp, Alex- 
andria, Va. 


16th Annual Technical Conference, jan 
12-15, 1960, Conrad Hilton Hotel, Chi- 
cago, Ill. SPE, 65 Prospect St., Stam- 
ford, Conn. 


Institute of Radio Engineers 
4th Midwest Symposium on Circuit 
Theory, Dec. 1-2, Brooks Memorial 
Union, Marquette Univ, Milwaukee, 
Wis. W. B. Berry, Coll of Engg, Mar- 
quette Univ, 1515 W Wisconsin Ave, 
Milwaukee, Wis. 


Professional Group of Vehicular Com- 
munication, Annual Meeting, Dec 3-4, 
Colonial Inn & Desert anch, St. 
Petersburg, Fla. J. H. Mitchell, WFLA 
Radio & TV, 905 Jackson St, Tampa, 
Fla 


National Warm Air Heating and Air 
Conditioning Association, Annual Con- 
vention, Dec 1-4, Chase Hotel, St. Louis, 
Mo. Association Hdqtrs, 640 Engineers 
Bldg, Cleveland 14, Ohio. 


ASME, Annual Meeting, Dec 1-4, Chal- 
fonte-Haddon Hall, Atlantic City, N. J. 
L. S. Dennegar, 29 W 39 St, New York 
18, N. Y 


27th Exposition of Chemical Industries, 
Dec 1-4, New York Coliseum, New York, 
N. Y. E. K. Stevens, International Expo- 
sition Co, 480 Lexington Ave, New York 
17, N. ¥. 


The Metallurgical Society of AIME, 17th 
Annual Electric Furnace Conference, Dec 
2-4, Cleveland Hotel, Cleveland, Ohio. 
Electric Furnace Committee, Iron and 
Steel Div, Metallurgical Society of AIME, 
29 W 39 St, New York 18, N. Y. 


AIChE, 52nd Annual Meeting, Dec 6-9, 
Sheraton Palace Hotel, San Francisco, 
Calif. Prof. T. Vermullen, Dept of Chem 
Engg, U of Calif, Berkeley, Calif. 


JAS. Wricht Brothers Lecture, Dec 17, 
Smithsonian Institution Natural History 
Bldg Auditorium, Washington, D. C. 
IAS, 2 E 64 St, New York 21, N. Y 


AAAS, 126th Meeting, Dec 26-31, Hotel 
Morrison, Chicago, Ill. AAAS, c/o Engi- 
neers Joint Council, 29 W 39 St, New 
York 18, N. Y. 


Overseas 


IEE, Discussion Meetings on Reliability 
and Maintenance of Digital Computer 
Systems, Jan. 20-21, 1960. IEE, Savoy 
Place, London, WC 2, England. IEE 
same. 


Conference on Automasic Computing and 
Data Processing in Australia, Mey 24-27, 
Univ of Sydney and Univ of New 
South Wales, Australia. Deadline for 
paper summaries: Feb 1, 1960. C.H.D. 
Harper, Australian Natl Committee on 
Computation and Automatic Control, 
The Institution of Engineers, Science 
House, 157 Gloucester St, Sydney, Aus- 
tralia. 


$rd_ International Electronic Parts Show, 
Feb 19-23, 1960, Parc des Expositions de 
la Porte de Versailles, Paris, France. Na- 
tional Federation of French Electronic 
Industries (FNIE), 23 Rue de Liibeck, 
Paris 16, France. 














Earth-to-Space “Ferry” 


MODEL of proposed 
“space ferry” (right), 
designed to shuttle 
men and materials 
between earth and 
outer space to ren- 
dezvous with satel- 
lites or to construct 
and maintain space 
stations, is inspected 
by Hughes vice-presi- 
dent R. E. Wendahi 
and Lockheed vice- 
president B. C. Mone- 
smith, Left: Diagram 
of typical mission. 
Arrows (reading 
clockwise) show the 
man-carrying vehicle 
being fired (1), 
mounted atop a pow- 
erful 3-stage rocket; 


after first-stage rocket separates, second-stage charge blasts arrow- 
head-shaped space ship still higher (2), and third-stage completes the 
climb to orbit altitude, 300 to 500 miles above the earth; there, (3) the 
symmetrically-shaped vehicle unfolds to form a 1,000-square-foot fly- 
ing wing. The cylindrical core of the unit carries a pilot and as many 
as three passengers, along with large quantities of materials; typical 
payload would total 14,000 pounds. The pilot guides the ferry to its 
destination in space—perhaps repair of a satellite (4)—by use of re- 
action jets spaced along the wing's edges and by internally housed, 
electrically driven inertia wheels. For return to earth, the ferry also is 
maneuvered and controlled by the pilot, who can make a gliding land- 
ing at speeds below those of existing airliners. The vehicle is reusable 
and con repeat the entire operation on schedule. 


Designed To Carry Astronauts 


PLANS for a 
signed to shuttle men and materials be 
tween earth and outer space for construc 


“commuter express” de 


tion and maintenance of orbiting space 
stations have been announced by Lock 
heed and Hughes Aircraft Companies. 

Combining features of a space ship, a 
ballistic missile, and a conventional ait 
plane, it could be ready for service by 
the mid-1960s, the companies reported. 

It could carry up to four astronauts— 
a pilot and three commuters ready to step 
into their “workshop in space”—and large 
quantities of Designed for 
flexibility, its payload would vary from 
mission to mussion. 

Taking off from earth, it would orbit 
at 300 to 500 miles altitude, rendezvous 
with other spacecraft, transfer technicians 
and supplies, return safely to earth, and 
repeat the entire operation on a routine 
schedule. 

Called a “space ferry,” the system could 
undertake a variety of missions, including 
tracking and inspection of unidentified 
objects in space; serve as a “space sweeper’ 


materials 


to remove derelicts from spacelanes; act 
as a space systems laboratory testing and 
training facility; and perform short-term 
scientific 


missions on an “excursion” 


basis. 


Typical Mission 


A typical rendezvous mission with a 
space station could be accomplished in 
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two to ten orbits covering 3 to 12 hours. 
In a typical mission, the space ferry could 
be expected to carry 14,000 pounds of 
payload. 

At the time of launch, the proposed 
vehicle, described as a “folding arrow 
wing configuration,” would encase a cylin- 
drical container housing pilot, passengers, 
and payload. It would be mounted atop 
a 53-stage super-powered rocket with a 
gross weight of approximately 1 million 
pounds. The rocket would be programmed 
for automatic guidance through the three 
basic propulsion stages. 

Timed to arrive in space near its target 
station, the space ferry would change 
from its symmetrical arrowhead arrange 
ment to a flying wing configuration, un- 
folding a 1,000-square-foot wing and ex 
posing the payload cylinder. 

The pilot then would take control of 
the craft using special optical and/or 
radar homing devices to gain information 
on the direction and distance to the sta 
tion. He would control the vehicle by re 
action jeis spaced along the wing edges 
and by internally housed, electrically 
driven inertia wheels. 

Upon obtaining visual contact with the 
space station—at about 500 feet—the pilot 
would maneuver into position, fasten the 
ferry onto the station, and the passengers, 
attired in special space suits, would enter 
the space station through an airlock or 
simply step from the ferry to an external 
platform. 
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Return to Earth 


Return through space and entry into 
the earth’s atmosphere is regarded by the 
project engineers as the most difficult 
problem of the entire mission. 

The proposed configuration is a “lifting 
re-entry” vehicle which provides ma- 
neuverability and control of the ferry 
during the re-entry phase. Lockheed engi- 
neers proposed advanced materials and 
structural concepts to overcome extreme 
temperatures—ranging up to 2,500 F—ex- 
pected on re-entry into the earth’s atmos- 
phere. A unique Hughes-designed auto 
matic control system will control extreme 
temperatures during descent and smooth 
out the flight path to a relatively gentle 
glide approach. 

Landing would be accomplished in a 
conventional manner at a_ predestined 
point on earth at speeds below those of 
existing airliners. 

Despite current emphasis on automatic 
contro] in space systems design, Lockheed 
and Hughes reported that their design 
approach for the space ferry involves max- 
imum use of the human pilot “as an active 
element” in the control of the vehicle. 

It was stated that this approach leads 
to a less complicated and more reliable 
design. Although fully automatic modes 
are provided for more critcal phases of 
the mission, the pilot can take control of 
the vehicle through a manual override in 
case of emergency, thereby giving greater 
assurance of safe return of the craft. 


Feasible in 1965 


It was also reported that the studies, 
financed entirely by the two companies, 
indicated that the ferry system would be 


ELECTRICAL ENGINEERING 





practical and feasible around 1965-66. Ad- 
vancements in the ferry system include: . 


1. Development of aerodynamic and 
structural configurations capable of meet- 
ing a very wide range of operating condi- 
tions. 

2. Development of electronic control 
systems permitting ferry to achieve pin- 
point accuracy in rendezvous with orbiting 
systems. 

3. Control of extreme temperatures dur 
ing re-entry. 


4. Reusability of the system. 


Lockheed’s California Division is serv- 
ing as technical systems manager of the 
space ferry project, developing the ve- 
hicle’s configuration, solving aerodynamic, 
thermodynamic, performance, structural, 
and propulsion problems; and studying 
life support requirements. 

Hughes Aircraft Company is taking re- 
sponsibility for automatic control and 
stabilization, guidance, navigation, com- 
munication, and instrumentation. 


Electric “Bridge-Building Machine” 
To Help Span Lake Maracaibo, Venezuela 


FOUR nations will combine talents to 
construct a 6-mile concrete bridge across 
oil-rich Lake Maracaibo in Venezuela, but 
the key tool will be a gigantic new “lake 
walking” machine developed by R. G. 
LeTourneau, Inc., of Longview, Texas. 

Essentially, the “Electric Bridge Builder” 
is a 2,000-ton portable 3-legged island, 
with one of the world’s most powerful 
marine cranes towering above its deck. It 
is literally going to lead the bridge, step- 
by-step, across the 6 miles of brackish 
water. 

As soon as one section of the bridge is 
completed, the platform lowers itself to 
the waves, raises its three giant feet from 
the gumbc lake-bottom 70 feet below 
then moves a short distance forward 
where it raises itself above the water 
again. 

Previously, the only tacility tor this 
type of work was the use of floating 
barges. Desired stability was seldom more 
than a wish, and work schedules were at 
the mercy of weather conditions. 

Because the new platform and crane 
will be raised well above any wave action, 


and because the platform will be sup- 
ported from the lake-bottom by its three 
steel legs, no problem of stability is anti- 
cipated. 


250-Ton Crane 


The giant crane mounted on the deck 
is as much a phenomenon as the platform 
itself—not only in its massive size and 
lifting capacity, but also in the fact that 
it was built and installed and tested in 
less than 75 days. 

Technically, the crane has a lifting ca- 
pacity of 250 tons, with the 210-foot 
boom extended out 65 feet from its base. 
‘t will handle prestressed concrete beams 
weighing close to a half-million pounds 

To accomplish its task, the crane is 
powered by seven LeTourneau a-c and 
d-c electric motors, which in turn get 
power from dynamos driven by a battery 
of Cummins diesel engines totaling about 
1,200 hp. More than 8,500 feet of 114-inch 
steel cable, weighing no less than 15 tons, 
is used in lifting the loads. 

Yet, despite its immense size and ca- 


BRIDGE BUILDING MACHINE (right), undergoing final tests before 2,000-m ‘le tow-voyage from 
the United States to Venezuela Platform will raise and lower itself in water, leading the way 
step-by-step to build a 6-mile concrete bridge across Lake Maracaibo. Mammoth 250-ton crane 
on deck has power “equal to reaching out more than 3 miles and lifting a ton.” Following 
tests, the Electric Bridge Builder was “walked” into Mississippi where crane was dismantled 
and long tow-voyage began. Above: Drawing shows how the bridge builder will serve as key 
tool in spanning Lake Maracaibo. Both the 3-legged portable island and the super-capacity 


crane were built by R. G. LeTourneay, Inc. 
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pacity, the crane pivots on a ball and 
socket (made of LeTourneau alloy steel) 
which is 20 inches in diameter. 

In addition to lifting and placing sec- 
tions for the all-masonry bridge, the new 
combination island and crane will be used 
for other strategic work. 

For example, it will drill and set pre- 
stressed concrete piles which support the 
structure—some of which are 180 feet long 
and weigh 100 tons. 

Another functional addition is a straw- 
line, or auxiliary hook, coming off the 
crane. This second line is designed for 
lighter work, but can lift 100 tons with 
the boom extended out to 100 ft. 

One important feature, used for the 
first time on any platform, is an ingen- 
ious “self-leveling device.” If one leg 
begins to settle more than the other two, 
this innovation automatically sounds a 
warning horn and can activate the nine 
electric motors on that leg to bring the 
platform up to level again. 

Ultimately, after the bridge project is 
completed, the basic platform can be put 
to other uses. If desired, the crane can be 
removed and, with a few minor modifica- 
tions, the unit can become a mobile off- 
shore drilling platform. 


To Connect Oil Area 


Purpose of the bridge 1s to connect the 
bustling oil city of Maracaibo with cen- 
tral and eastern Venezuela. Also, the 
bridge will form an important link to 
the Pan American Highway project. It 
will have ship clearance of 160 feet. 

The bridge is Swiss-designed and is be- 
ing built by a joint company made up of 
two German and Venezuelan firms—with 
the key Electric Bridge Builder coming 
from the United States. 

Julius Berger, A. G., of Germany, and 
Precomprimido, C. A., of Venezuela, 
formed the joint construction company 
which is known as Consorcio Puente 
Maracaibo, Caracas. 





Corning Glass Works Photos 


Giant Telescope Mirror Blank 
Sent to Kitt Peak Observatory 


An 84-inch telescope mirror blank has 
been completed by Corning Glass Works 
for the new Kitt Peak National Observa 
tory under construction 40 miles south 
west of Tucson, Ariz 

The disk, packaged in a special telt- 
lined crate, has been shipped by railroad 
to Tucson. There, according to Dr. A. B 
Meinel, observatory director, an optical 
shop has been set up for grinding and 
polishing the 4,000-pound mirror blank 
The job is expected to take 24 months 

Che final precision finishing, involving 
removal of a few millionths of an inch 
of glass, will be done after the mirror 
has been installed in the telescope and 
fixed on a star. This work is expected to 
take another year 

The observatory, a tacility ot the Na- 
tional Science Foundation (NSF), is be- 
ing operated under contract by the Asso- 
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ABOVE: Glass telescope mirror blank, 84 
inches in diameter and weighing almost 4,- 
000 pounds, rests in the mold at Corning 
Glass Works where the disk was sagged from 
nine separate chunks of glass. Both the mold 
and the ceramic cores (seen through the glass) 
were removed before the mirror blank was 
readied for ship t from Corning, N. Y., to 
Tucson, Ariz., for grinding and polishing. Disk 
was made for the Kitt Peak National Observa- 
tory near Tucson. Left: Telescope mirror 
blank moves out of the annealer where the 
disk had been scientifically cooled for 7 
months. Corning engineers inspect ceramic 
cores in mold. The cores (below surface of the 
glass) formed holes in a honeycombed pat- 
tern on one side of disk to reduce weight of 
the blank. The giant disk will serve as the 
primary reflective piece, throwing light rays 
from the stars toward the upper end of the 
telescope, where the rays fall on the eye- 
piece or on the photographic plate used for 
recording images “pulled in’’ from millions 
of light years in outer space. 





ciation ot Universities for Research in 
Astronomy, Inc. (AURA) 

The big glass disk will join two other 
giant mirrors made by Corning in prob 
ing millions of light years into space 
The 200-inch disk at the Hale Observa 
tory atop Palomar Mountain in Cali 
fornia, was cast 25 years ago. A 120-inch 
mirror, now in use at the Lick Observa 
tory on Mount Hamilton in California 
was cast at Corning in 1933. 

The 84-inch disk is the largest of six 
glass mirror blanks made by Corning for 
the Kitt Peak Telescope. It is the biggest 
piece of glass ever produced by placing 
solid chunks of glass on a mold and sag 
ging them into a single piece under in- 
tense heat 

Both the 200-inch and 120-inch mirror 
bianks were made by ladling molten 
glass into the molds. Corning engineers 
said the sagging process reduced bubble 
inclusions and proved less complicated 
and less costly. 

Nine pieces of glass—one weighing 2,- 
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976 pounds—were melted down to form 
the 84-inch disk. The completed mirror 
blank is 13 inches thick and has a center 
hole of 26 inches in diameter. 

Recently removed from an annealing 
oven at one of Corning’s melting plants, 
the huge piece of glass had been sealed 
in the annealer for 7 months for con- 
trolled cooling after being melted to form. 

The separate chunks of glass were 
fused under temperatures reaching ap- 
proximately 2,300 F. Controlled cooling 
was necessary to eliminate stress in the 
glass. 

The disk is of ribbed construction on 
the back face. This honeycomb pattern 
reduces weight while retaining necessary 
strength and rigidity. The pattern was 
formed by use of ceramic cores, bolted 
and cemented into the floor of the brick 
mold. 

Each core had to be carefully sepa- 
rated from the glass. This was a tick- 
lish job, handled after the mold _ bricks 
were removed and the disk was hoisted 
up and overturned 

Like the other big disks, the 84-inch 
mirror blank is made of _ borosilicate 
glass, selected because of its low expan- 
sion, thermal resistance, and mechanical 
strength 

The mirror must retain its shape 
through time, temperature changes, and 
mechanical stresses if astronomers are to 
obtain undistorted images of the stars. 

The observatory atop 6,875-foot Kitt 
Peak will go into full operation in about 
$ years. This installation anc the Na- 
tional Radio Astronomy Observatory at 
Green Bank, W. Va., are the first two ob- 
servatories in the United States available 
for the use of all qualified astronomers. 
Supported by the NSF with federal funds, 
the observatories are designed to supple- 
ment existing facilities for research in 
astronomy 

The Kitt Peak National Observatory 
will operate with a small permanent staff 
in co-operation with visiting scientists 
Members universities in AURA include 
California, Chicago. Harvard, Indiana, 
Michigan, Ohio State Princeton, Wis- 
consin, and Yale 


Smaller Mirrors in Telescope 


The 84-inch disk will be one of six 
mirrors of borosilicate glass cast by Corn- 
ing for the Kitt Peak telescope 

The giant disk will serve as the primary 
reflective piece, throwing light rays from 
the stars toward the upper end of the 
telescope. Here the rays fall on the eye- 
piece or on the photographic plate 

The secondary reflective pieces range 
trom mirrors 29 inches in diameter down 
to 24 inches They will be used to send 
the light to the observing instruments 

Two of the smaller mirrors will be lo- 
cated at the top of the telescope tubes 
and will be mounted in the central struc- 
ture. These are hyperbolic mirrors, which 
magnify the image that is returned to the 
instruments located at the rear of the 
mirror cell 

The other auxiliary disks are flat mir- 
rors located inside the tube ard fork of 
the telescope, which will sen ae light 
down through the polar axis into the 
laboratory room. 
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Power Station 
Is Built Underground 


Sweden’s largest hydroelectric power 
station—the State Power Board's 375-mw 
Stornorrfors station on the Ume River— 
was Officially opened recently. The station 
is built underground off the river bed 
proper. Water is conducted to the station 
through a 114-mile canal, precipitated 
through individual penstocks to the three 
turbines, and reconducted to the river 
through a 214-mile tailrace canal. The 
catchment area totals 4.4 square miles and 
has a length of 1324 miles. 

The Ume River, with a mean water- 
flow of 16,000 cubic feet per second, ranks 
only fifth among Sweden's rivers, but it 
offers the advantage of a head of 246 
feet, a figure not approached by other 
Swedish rivers in their lower reaches. 


Several Records Set 


The building of the new power plant 
resulted in a number of records in size. 
The three Francis turbines, for example, 
built by Nydqvist & Holm AB and de- 
signed for a maximum rating of 147,200 
kw, were at the time of construction the 
largest of their kind in the world (Elec- 
trical Engineering, May 1958, p. 474). The 
tailrace tunnel, with a sectional area of 
4,300 square feet, is also the biggest ever 
driven for a hydro power project (Elec- 
trical Engineering, December 1958, p. 
1158). 

Obviously, the State Power Board tech- 
nicians point out, these records were not 
established for their own sake but are 
due to a purposeful endeavor to achieve 
the greatest conceivable economy in oper- 
ation. Every effort has been made to ap- 
ply and develop the most recent advances 
in hydraulic engineering and to utilize 
the favorable natural conditions to the 
best advantage. As a result, it has been 
possible to build an installation at a 
cost of Kr.217,000,000, corresponding to 
Kr.580 ($110) per kw, a figure which also 
is unique of its kind. 

Earth removed in the course of the 
construction totaled nearly 4 million cubic 
yards. The driving of tunnels, power- 
house, transformer hall, etc., entailed an 
almost equally large volume—3.6 million 
cubic yards. The methods developed for 
the tunnel-driving job included drilling 
from truck-mounted multistory platforms 
and bench-driving by means of jigs with 
chain-fed drills. The holes were charged 
by means of pneumatic charging appa- 
ratus. 

In order to provide for a timber-floating 
bypass at the station, an approximately 
314-mile aluminum flume has been built 
from the headrace canal to the outlet of 
the tailrace tunnel. It has a capacity of 
25,000 logs per hour. The intake rests on 
pontoons and, thus, automatically adjusts 
itself to varying water levels. 

The Stornorrfors station has an output 
of 2,200 million kwh per year and ac- 
counts for about 6.5% of the country’s 
entire electric power production. 

There are provisions for installing a 
fourth aggregate, which would raise the 
Swedish power station’s rating from $75 
mw to 500 mw. 
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SWEDISH hydroelectric 
power station utilizes 
three giant Francis tur- 
bines, designed for a 
maximum rating of 
250,000 hp, one of 
which is shown during 
process of assembly 
work. The turbines 
were built by Nydqvist 
& Holm AB. The Stor- 
norrfors station, on 
Sweden's Ume River 
is built underground 
off the river bed 
proper. 


ROTOR for one of the 
Swedish hydroelectric 
power station's three 
150,000-kva Asea 
generators is shown 
being placed in posi- 
tion. Each unit has a 
weight of 974 tons. 
The three Asea gen- 
erators were consid- 
ered, at time of con- 
struction, largest of 
their kind in the world. 
Station itself is the 
largest built in Swe- 
den. 
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TAILRACE TUNNEL, pic- 
tured in the course of 
construction, has a sec- 
tional area of 4,300 
square feet. it repre- 
sents the biggest ever 
driven for a hydroelec- 
tric power project. The 
work crew, leaving 
after a day's job, is 
dwarfed by the giant 
tunnel. The Swedish- 
developed technique 
for tunnel-driving, 
based on use of Atlas 
Copco equipment, fa- 
cilitated the work. 


Pictures courtesy of The 
Swedish International Press 
Bureau 





Packaged Switching Circuits 
Prepare Data for Computer Input 


rhe National Bureau of Standards (NBS) 
has developed a number of special-purpose 
transistorized computer packages that are 
expected to help automatize many of the 
data recording and preliminary processing 
tasks encountered in NBS scientific opera 
tions. These versatile building blocks, de 
signed by a group under the direction of 
J. A. Cunningham of the NBS data process 
ing systems laboratory, can be connected 
together systematically to accept raw data 
from experimental equipment and to 
transpose these data into a form suitable 
for input to a high-speed electronic com 
puter 

Each assembly of packages can be tai 
lored to fit the special requirements of the 
project, and can be used at the site of the 
experiment, The output from the system 
can be fed directly to a computer, recorded 
on a suitable medium for computer input 
at a later time, or used to drive display 
equipment that will keep the scientist in 
formed of the progress of his experiment 

The accelerating pace of current scien 
tific effort and the need for conserving 
technical manpower both emphasize the 
value of automatically recording and com 
puting experimental data. Much human 
effort is spent in the simple repetitious 
tasks of taking data during an experiment 
and then performing large volumes of hand 
calculations. By automatizing the routine 
data-handling aspects of scientific experi 
ments, savings of time and labor, as well 
as increased quantity and reliability of 
work output, can be realized both in basic 
exploratory research programs and in 
routine calibration and testing. 

In surveying its own data-handling in 
strumentation problems, NBS decided that 


| 
| 
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it could best meet its needs at this time 
with a series of flexible logical building 
blocks to record and perform preliminary 
processing of much of its data. These 
blocks can be used where (1) data are 
produced in large volumes; (2) data taking 
is extremely fast, extremely slow, or ex- 
tremely precise; (3) a need exists to mini 
mize human error, tedium, and eyestrain: 
or (4) computation is extensive. 

So far, seven specialized major building 
blocks have been developed. A flip-flop, 
gating circuitry, a “one-shot” pulse gener- 
ator, a logical OR-inverter, an indicator 
an analog switch, and a power gate driver. 
Ihey are, of course, compatible with each 
other and all operate at the same 50-kc 
pulse repetition rate. 

Each package is constructed on a 4- by 
5-inch plug-in printed board, and uses elec- 
tronic components that are common stock 
items to avoid replacement problems. Most 
of the packages contain type 2N414 tran- 
sistors, and some contain types 2N363 on 
2N123 transistors. Power supply require 


GROUP of seven special-purpose computer packages developed at the National Bureau of 
Standards to perform logical operations required for electronic data processing and recording 
tasks. In the upper row (left to right), they are: (1) an OR-inverter, (2) an indicator, (3) a flip- 
flop, (4) a power gate driver, (5) gating circuitry, (6) an analog switch, and (7) a “‘one-shot"’ 
pulse generator. Lower row shows reverse sides of a number of packages. These circuitry pack- 
ages can be connected together into a system that can be used at the site of an experiment to 
toke raw data from the equipment and process it into a form suitable for input to a computer. 
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THIS INSTRUMENT can 
test all of the various 
special-purpose pack- 
ages under simulated 
operating conditions 
If a package does not 
operate properly, the 
tester gives an indica- 
tion of where the 
faulty component may 
be. Internal connec- 
tions in the tester are 
made with a punched 
card corresponding to 
the type of package to 
be inspected. 


ments are (1) —12 volts, (2) + 12 volts, 
(3) a reference voltage for the analog 
switch, and (4) any other special voltages 
that drive external electromechanical de 
vices. In most of the packages, some com 
ponents or subassemblies are left uncon 
nected, and must be wired externally to 
the package. Connecting these components 
externally allows greater flexibility in com 
bining them. 

The flip-flop. The flip-flop package con 
sists of two bistable flip-flop circuits and 
the necessary logical gating for converting 
each to one of several modes of operation. 
A normally open switch can be connected 
to the collector of either transistor to reset 
the flip-flop. Also in each package is suf- 
ficient circuitry to construct one bit of a 
double-rank shift register or two bits of 
a serial shift register. The output of the 
package can drive five other flip-flops, five 
OR-inverter circuits, eight gate resistors, 
or five gate capacitors. 

The gating package. The gating package 
contains eight logical gating circuits con 
sisting of resistor-diode networks with ca 
pacitor inputs. They are mainly to supple- 
ment the gates in the flip-flop packages to 
complete the component requirements of 
shift registers, counters, or other systems. 
They can transfer information from a 
shift register or form feed-back paths in 
various counting configurations. These 
gates can be driven by the output of a 
flip-flop, a “one-shot” pulse generator, an 
OR- inverter, or a power driver. 

The “one-shot” pulse generator. The 
pulse generator can deliver a single pulse 
whose duration is variable from 20 to 
10,000 microseconds. Regardless of the du- 
ration of the pulse, the circuit is prepared 
to generate a new pulse 20 microseconds 
after the initiation of the first pulse. 

The package consists of a flip-flop iden- 
tical to the one in the flip-flop package, 
together with an integrator, a discrimi- 
nator, and an amplifier. After the flip-flop 
is triggered, its output is integrated. When 
this integrated signal reaches a predeter- 
mined level, the discriminator is triggered. 
Its output is differentiated, amplified, and 
inverted, then differentiated again before 
being fed back to reset the flip-flop. 

The output of the package, which can 
be either positive or negative, has the 
same driving capabilities as the flip-flop 
package. 

The OR-inverter. Each of the OR- 
inverter packages, which can also be used 
as an AND-inverter, contains four sepa- 


ELECTRICAL ENGINEERING 





rate 4-input inverter circuits. For negative 
input pulses, the four input diodes func- 
tion as an OR-gate; for positive inputs, the 
diodes serve as an AND-gate. The output 
of the gate is amplified and inverted. One 
of these packages can drive six other sim- 
ilar packages, six flip-flops, eight gate re- 
sistors, or six gate capacitors. 

The indicator. The indicator package 
contains circuitry for driving 10 incan- 
descent lamps rated at 12 volts, 18 milli- 
amperes each. This package can also drive 
electromechanical equipment within the 
power limits of its 2N363 transistors. 

The analog switch. The analog switch 
package contains one flip-flop that con- 
trols an analog switch capable of switch- 
ing up to plus or minus 10 volts within 
5 millivolts of the input. By proper selec- 
tion of an output resistor, the switch will 
present an analog voltage corresponding to 
a specific input quantity or digit. 

The power gate driver. The power gate 
driver is designed to supplement the out- 
put driving capabilities of other packages. 
Where the output of a particular package 
may not have sufficient power to drive all 
the gates required by the system design, 
the gate driver—containing a number of 
amplifiers—can be added to drive as many 
as 40 other gates. 


Coated Lens Panel 
Intercepts Radio Interference 


A glass lighting panel that eliminates 
radio interference radiated from fluores- 
cent lamps has been developed for labor- 
atories, hospitals, and other areas where 
sensitive equipment is used. 

Manufactured by Corning Glass Works, 
Corning, N. Y., the E-C No. 70 Low 
Brightness Lens Panel, specially treated to 
serve as a grounding shield, transmits ap- 
proximately 75% of the open troffer il- 
lumination. The product has been intro- 
duced for use in research laboratories 
where delicate electronic equipment is 
affected by high-frequency radiation from 
the lamps, and in hospitals using elec- 
trocardiographs, _electroencephalographs, 
hearing test equipment, and brain-wave 
detection apparatus. The panels also can 
be used in radio stores, and in schools for 
the deaf where radiation affects amplifica- 
tion apparatus. 

The product consists of Corning’s Pat- 
tern No. 70 Low Brightness Lens Panel 
coated on one side with a thin, transpar- 
ent electrically conductive film. The coat- 
ing intercepts the radiated interference 
which is grounded by a 14-inch-wide sil- 
ver strip fired onto the film around the 
periphery of the glass. 

The company’s engineers said that a 
lighting fixture equipped with the panel, 
as well as a simple line filter and CBM 
ballast, is virtually free of both radiated 
and conducted radio noise. The fixture 
meets military specifications (MIL-I- 
16910A-ships) as radio interference free. 

Made of heat-resistant borosilicate glass, 
the panel resists heat shock and corrosion. 
Prismatic design has been optically engi- 
neered for accurate control of direct and 
reflected light. The glass face of the panel 
will not attract dust statically and can be 
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cleaned with a damp cloth. The hard, 
electrically conductive coating is perma- 
nently fired onto the back surface of the 
glass and will not abrade. 

The panels are thin and lightweight. A 
single 24- by 48-inch panel of the glass 
meets Underwriters’ Laboratories, Inc., re- 
quirements permitting up to 1,100 square 
inches of exposed area. 


Color Photo Enlargements 
Can Be Improved by Electronics 


A way to make better coler photo- 
graphic enlargements electronically was 
described recently by D. R. Craig, vice- 
president and technical director of Log- 
Etronics Inc., Alexandria, Va., at the 
Society of Photographc Scientists and En- 
gineers annual conference in Chicago, IIL. 

Mr. Craig described application of the 
LogEtronic enlarger to color photo re- 
production, especially to printing from 
color negatives. The enlarger uses an 
electronic scanning light source in com- 
bination with a phototube that continu- 
ously modulates its brightness. 

The phototube provides automatic 
dodging or print correction by dimming 
the light source in shadow areas and in- 
creasing its brightness in highlight areas 
With this method, both detail and color 
can be priserved in the highlights and 
shadows of the resulting print. 

Each of the primary colors (red, green, 
and blue), which determine the color 
balance of the final print, is measured 
on the enlarger printing easel. Control- 
ling the relative exposure time of each 
of these primary colors gives proper color 
balance and print density. 


Fuel Cells Used 
To Power Experimental Tractor 


An experimental fuel  cell-powered 
tractor, recently demonstrated, develops at 
least 3,000 pounds of drawbar pull. 


MIXTURE cf fuel gases, 
largely propane, and 
oxygen react in an 
electrolyte within 1,008 
fuel cells to provide 
electricity that powers 
this experimental Allis- 
Chalmers tractor. Con- 
troller to left of driver 
controls tractor’s speed 
and can reverse its di- 
rection. Fuel cell tractor 
develops 3,000 pounds 
of drawbar pull, more 
than enough to pull a 
multiple-bottom plow 
in field tests. 
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enough to pull a multiple-bottom plow. 
The electricity that drives the tractor 
comes from 1,008 individual fuel cells 
joined in 112 units of 9 cells each. The 
112 units are arranged in four banks and 
electricity can be taken from any com- 
bination of the banks. 

A mixture of gases, largely propane, 
fuels the cells, which were developed at 
the Allis-Chalmers Research Division. The 
gases are fed into the cells through a 
system of tubing and, once in the cells, 
the gases react in an electrolyte. A cata- 
lyst coating the electrodes of each cell 
aids the reaction. The chemical reactions 
within the cells cause a direct current to 
flow through an external circuit which is 
connected by bus bar to a standard con- 
troller. The compact controller, measur- 
ing 8 by 11 by 21 inches, regulates the 
electricity supplied to a standard 20-hp 
d-c motor made at the company’s Nor- 
wood, Ohio works. 

The controller permits the tractor driver 
to regulate speed or reverse the tractor’s 
direction by moving two levers. Using the 
speed control, the operator places the 
four banks of cells in series or parallel, 
varying the amount of current going to 
the motor. To reverse the tractor, the 
driver moves the second lever, changing 
the polarity of the current flow to the 
motor, 

In field tests, the tractor pulled a 2 
bottom plow through dry, hard ground. 
The tractor carries its gas supply in tanks 
mounted in brackets on the vehicle. 

Engineers see in the fuel cell a valuable 
energy conversion meihod through use 
of off-peak generator facilities to produce 
hydrogen and oxygen which can be stored, 
transported, and utilized at will in fuel 
cells. Low-voltage constant loads of such 
electrochemical processes as plating, water 
purification, galvanizing, electrolytic clean- 
ing, and electrolytic refining of metals 
could make use of this type of energy. 

When the free energy of the reaction is 
converted directly into electric energy, as 
is the case in the fuel cell, there is no 
theoretical limitation on efficiency. The 
possibility of producing electric power di- 
rectly from a fuel at an efficiency of 90%, 





is startling when compared to the best 
diesel engines, which are about 40%, effi- 
cient, Because the fuel cell does not in- 
volve heat but converts chemical energy 
directly into electric energy, it escapes 
the high heat engine energy losses. 


Postdoctoral Awards— 
Applications Invited by NSF 


Applications will be accepted through 
December 22, 1959, by the National Sci- 
ence Foundation (NSF) for postdoctoral 
fellowships to be awarded in March 1960, 
A. T. Waterman, NSF director, an- 
nounced recently. 

Fellowships will be awarded in the 
mathematical, physical, medical, biologi 
cal, engineering, and other science fields, 
including anthropology, psychology (other 
than clinical), geography, certain interdis- 
ciplinary fields, and selected social science 
fields. Names of successful fellowship ap- 
plicants will be announced on March 15, 
1960. 

To be eligible for postdoctoral fellow 


ships, applicants must be citizens of the 
United States with special aptitude for 
advanced training and must hold the doc- 
toral degree or have the equivalent in 
training or experience. 

Fellows will be selected on the basis of 
ability as evidenced by letters of recom- 
mendation and other evidence of scientific 
attainment. Applicants’ qualifications will 
be evaluated by carefully chosen panels 
of scientists operating under the aegis of 
the National Academy of Sciences—Na- 
tional Research Council. Final selection 
of Fellows will be made by the NSF. 

A stipend of $4,500 per year will be 
awarded to successful applicants under 
the postdoctoral fellowship program. De- 
pendency allowances will be made to 
married Fellows. Fellows may engage in 
study and/or research at appropriate 
nonprofit American or nonprofit foreign 
institutions. A limited allowance to aid in 
defraying a Fellow’s cost of travel will 
also be available. 

Application materials may be obtained 
by writing to the Fellowship Office, Na- 
tional Academy of Sciences—National Re- 
search Council, 2101 Constitution Ave., 
N. W., Washington 25, D. C. 





Airborne Weather Laboratory 


Boeing Airplane Company Photo 


A FLYING WEATHER LABORATORY, installed and test-flown in Boeing’s 707 prototype jetliner, 


has successfully completed flight tests designed to gather and analyze global weather data for 
improved forecasting. Developed by an industrial team headed by Bendi Corp., the 
weather project, named AN/AMQ-15 Air Weather Reconnaissance System, is described as the 
most significant advance in meteorology since weather stations first were linked by telegraph. 
Dr. R. D. O'Neal, general m~nager of the Bendix System Division, said the tests demonstrated 
the feasibility of a global ther-rec i e system aimed at obtaining information vastly 
more accurate than that available today. Such a system, he said, is vital to military air power 
as well as everyday peace-time activity, such as airline route planning. Boeing's role in the 
program, as a major subcontractor to Bendix, is in developing vital sensing equipment for prob- 
ing the stratospheric elements. It also provided the 707 prototype. The jet tes*bed, crammed 
with electronic ing and computing devices, flew some 7,000 miles at altitude up to 45,000 
feet. To give the airplane a 3-dimensional reach, two kinds of launching tubes released instru- 
mented containers—rocketsondes and dropsond hich measure barometric pressure, tem- 
perature, ozone ¢ t, dew point, and other data from sea level to 170,000 feet altitude. The 
former were not “‘live."’ The flight test program was a major co-operative experiment between 
the Air Force, Navy, Weather Bureau, Bendix, and Boeing. 


Avinti 

















1240 Of Current Interest 


Electrical Engineering Education 
Conference Held at RPI and Union 


A conference of some 20 professors from 
14 different eastern educational institu- 
tions was held under the auspices of 
Rensselaer Polytechnic Institute (RPI), 
September 28-29, 1959. 

The electrical engineering curriculum 
was the topic of consideration on the first 
day, held at RPI, with Professors W. A. 
Lewis, H. H. Woodson, L. V. Bewley, and 
P. D. Agarwal leading the discussion. 
While no precise agreements were reached, 
the statement which follows gives the 
consensus of the meeting. 


Content of Electrical Engineering Cur- 
riculum for the Junior and Senior Years: 

1. All electrical engineering students in 
the junior-senior years should be given 
a course in electromechanical energy con- 
version, with the purpose of giving the 
students an understanding of the nature, 
mode of operation, uses, and performance 
curves of usual devices, including tele- 
phone diaphragms, loud speakers, con- 
tactors, transformers, rectifiers, and syn- 
chronous, induction, and d-c machines. 

2. The course should vot deal with the 
design of any of these devices, but should 
provide an understanding of the basic 
materials, the structural arrangements, 
and the functioning of the various ele- 
ments of each device, so that the student 
will have a basis for the intelligent selec- 
tion, appraisal, and application of usual 
electrical devices. 

3. Preceding this course, all students 
should have a basic course in electric cir- 
cuits and the principles of electromag- 
netism. 

4, Also, preceding this course the stu- 
dent should have adequate mathematical 
preparation, including complex algebra, 
matrices, vector analysis, and calculus, 
including elementary differential equa- 
tions and the use of the Laplace trans- 
form. 

5. The energy conversion course should 
include: 

(A) Explanations of how to calculate 
the resistance, inductance, and capaci- 
tance of simple geometric forms, such 
as slot-embedded coils, parallel wires 
and plates, and uniform air gaps. 

(B) Derivation of the forces between 
current-carrying circuits, magnetic fields, 
and electric charges. The force equa- 
tions may be derived from Ampere’s 
laws based on integration of the forces 
acting on each element of the circuit, 
or from differentiation of the total 
energy stored in the field. The force- 
element approach is useful for expla- 
nation, and for dealing with certain 
problems, but the stored energy ap- 
proach is more widely useful and 
should be fully developed in the course. 

(C) Vector analysis and matrix meth- 
ods should be used throughout, and a 
moderate amount of space may be de- 
voted to explanation of these proce- 
dures as they are brought in, to rein- 
force the prior knowledge the students 
should have. 

(D) In general, the course should 
explain principles, and develop the 
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properties of basic kinds of circuits. 
Particular machines or devices that are 
considered should be treated as ex- 
amples of the general case, with full 
recognition of the effects of different 
choices for the design parameters. 

(E) Emphasis in the course should be 
placed on giving the student a sense of 
proper magnitudes, an ability to ap- 
proximate, and the recognition of 
sound analogies, rather than giving pre- 
cise formulas or any details of design or 
application. 


6) It is desirable that there be a con- 
siderable number of different books deal- 
ing with the stated topics in different 
ways, and to different depths, so that each 
university may provide a course suited to 
its own teaching staff, student body, and 
fields of especial interest. Books that are 
considered especially useful at the present 
time are those by Adkins, Fitzgerald- 
Kingsley, Ku, White-Woodson, and those 
proposed by Bewley and by Lewis. 


The question of graduate study was 
also considered in the light of the pro- 
vocative statement by Prof. J. F. Baker, 
of Cambridge University, in his IME 
paper of July 1957, entitled “Engineering 
Education at Cambridge:” 

“It is, in my opinion, worse than 
useless to continue men on to post- 
graduate courses immediately follow- 
ing their undergraduate years.” 


Here again no positive conclusions 
were reached, but the consensus of the 
group is indicated by the following state- 
ment: 


In the United States, there are four 
widely followed procedures in graduate 
study. 

(A) The student takes up full-time 
graduate study immediately following his 
undergraduate years, often at another in- 
stitution. From the student's viewpoint, 
this is attractive because it saves time and 
money. When the student has a well- 
defined and challenging objective, this 
gives good results, but it is not good if the 
student has no adequate or well-defined 
objective. 

(B) The student takes up part-time 
teaching along with his graduate study 
immediately following his undergraduate 
years. From the institution's viewpoint, 
this is a very satisfactory method, because 
it provides teaching assistants of high 
quality at low cost, and because the stu- 
dents gain some maturity before their 
final choice of thesis projects, and they 
also have more flexibility in their pro- 
grams, 

(C) The student enters employment 
immediately following his undergraduate 
years, and later takes up part-time grad- 
uate study, either in the evenings or at 
stated periods alternating with regular 
work, under some co-operative plan. This 
method has been highly developed, in 
many alternative forms, and has been 
successful on the whole. However, it lacks 
the great values of out-of-class associa- 
tions with university people. Also, it is 
not satisfactory when the student trans- 
fers from place to place, as many em- 
ployers now require; or when the place 
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of employment is far from an appropriate 
educational institution. 

(D) The student enters employment for 
a few years and then takes up full-time 
graduate study for an extended period. 
This method provides graduates of the 
highest quality, and it is just coming into 
use. However, it interrupts the student's 
career, and it is likely to be very costly. 

It was the consensus of the group that 
each of these methods has distinct values, 
and is the best for particular students 
Under American conditions of early mar- 
riage and widely available assistantships, 
method B will no doubt continue to be 
the most popular. The objections to it 
implied in Prof. Baker’s statement can be 
minimized by making the fullest possible 
use of industry and practicing engineers 
in the selection and conduct of thesis 
projects. However, the great need for 
more top-level engineers and _ scientists 
makes it highly desirable to extend the 
use of method D far more widely. Every 
effort should be made to encourage in- 
dustrial and government support for this 
procedure of sending mature engineers to 
educational instituuuons for periods of 
full-time graduate study. 

The meeting on the second day, held 
at Union College, was devoted to a dis- 
cussion of laboratory experiments for 
electrical engineering students. This was 
led by Prof. H. W. Bibber; Prof. W. R. 
LePage; and S. G. Ringland of the tech- 
nical department of Mt. Pleasant High 
School, Schenectady, N. Y. 


Automatic 
Address Reader 


A contract for the development of an 
advanced, more sophisticated address 
reader for the U. S. Post Office Depart- 
ment was recently awarded to the Intelli- 
gent Machines Research subsidiary of 
Farrington Manufacturing Co., Alexan- 
dria, Va. 

An earlier model of the Farrington 
Automatic Address Reader, an optical 
scanning device that actually reads ad- 
dresses faster than the human eye, has 
been on display at the First National 
Building in Detroit, Mich. 

The contract calls for “advancing the 
development of electronic analyzing. auto- 
matic reading equipment, and for produc- 
ing an engineering test model of a com- 


EXPERIMENTAL ma- 
chine that ‘“‘reads’’ 
typewritten or im- 
printed addresses and 
sorts mail to 20 des- 
tinations was devel- 
oped by a subsidiary 
of the Farrington Man- 
ufacturing Company. 
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pletely automatic letter sorting machine” 
as part of the Post Office’s program to 
automate its operations completely. 

The new address reader, to be a tran- 
sistorized prototype of a production 
model, will be able to read and sort let- 
ters for 40 destinations; the earlier model 
was limited to 20 places. When completed, 
the new machine could be programmed to 
read a greater number of destinations 
than the 40 called for in the contract. 

The present address reader can recog- 
nize through its character-sensing appara- 
tus typewritten, printed, or imprinted ad- 
dresses, single- or double-spaced, staggered 
or flush, on the facing of any size en- 
velope. As it scans the address, the ad- 
dress reader sorts the envelopes into sepa- 
rate slots. 

The newly awarded contract calls for 
a machine that will sort at the minimum 
rate of 10,000 letters per hour, more than 
three times the rate per person operating 
semiautomatic sorting machines currently 
being tested. Although the current experi- 
mental model and the proposed advanced 
device will read only printed or typed 
addresses, the contract calls for research 
into the reading of handwritten addresses. 


“Handwriting Reader” 
Has a 10-Word Vocabulary 


A small device that reads handwritten 
words and has a 10-word vocabulary— 
“zero” through “nine,” spelled out—has 
been built. The handwriting reader, de- 
veloped by Bell Telephone Laboratories, 
New York, N. Y., is about the size of a 
briefcase, and was invented to demon- 
strate methods which might eventually 
be applied in machines designed to read 
a wider variety of material. “Reading 
machines” could be valuable in any busi- 
ness or industry where information must 
now be translated into machine language 
by punched cards, by tape, and by press- 
ing adding machine or typewriter keys. 

In order to use the experimental hand- 
writing reader, the writer moves a metal 
stylus over a special surface just as if he 
were writing with a pen or pencil. Then, 
when he touches an “Identify” button 
with the stylus, a light appears beside the 
numeral corresponding to the word he 
has just Witten. t™ 

In order to provide the writer with 
horizontal guide lines, two of the 15 hori- 





HANDWRITING READER is demonstrated by 
its inventor, L. D. Harmon of Bell Telephone 
Laboratories. The electrically wired stylus is 
pressed to the ‘‘Reset’’ button before a word 
is written on the electrically connected writing 
surface. When the stylus is then touched to 
the “‘Identify’’ button, a light appears above 
the correct digit. 


zontal bars on the writing surface, or 
commutator, are made of brass. These 
make a color contrast with the other 13, 
which are copper. The two brass con- 
ductors enclose the middle third of the 
writing space, in which the user is re- 
quested to write the small letters, such as 
“e” and “n.” Vertically extended letters, 
such as “t” and “g” are carried beyond 
these limits. 

The middle bar of the commutator is 
connected to a counter, which provides 
a rough horizontal location of features 
If a recognition feature comes before the 
stylus has crossed the middle bar six 
times, the feature is considered to be in 
the left-hand portion of the word; if 
later, it is deemed to be in the center or 
right-hand portion 

A logic circuit examines each word 
scribed on the writing surface for six 
features. They are: a lower vertical ex- 
tension, as in “g,” within the left-hand 
portion of the word; a lower extension 
in the middle or right-hand portion; an 
upper extension, as in “t,” in the left- 
hand portion; the presence of more than 
one upper-left extension; a large number 
(more than nine) of crossings of the mid- 
die bar (zero axis); and a dotted “i.” The 
dotted “i” is detected as a specfal dis- 
continuity when the stylus is lifted from 
the center portion to the upper portion 
of the writing surface at the end of a 
word. The decisions are made by a cir- 
cuit of 12 relays and 8 semiconductor 
diodes. 

The device is believed to be the first 
which actually reads cursive script despite 
variations in the individual style. It also 
explores machine readine by entire words 
rather than letter-by-letter. Machines are 
already in use that can read individual 
letters and numbers, but most require 
printing in a rigid type style and specific 
size. Among these are machines for read- 
ing the codes that appear on some credit 
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cards. A device invented earlier at Bell 
Laboratories reads numbers formed 
around two dots (Electrical Engineering, 
April 1958, p. 396). 

Current pattern-recognition research 
aims to eliminate or limit constraints— 
to find practicable, efficient ways for ma- 
chines to read any reasonably legible 
material. The handwriting reader has one 
minor constraint. The user must write 
within limits on the special surface. L. D. 
Harmon, inventor of the device, explains 
that the stylus, which is wired, makes 
electrical contact with 15 horizontal metal 
strips alternately sandwiched between 
strips of electrical insulating material in 
the surface. 

Up-and-down movements of the writing 
cause electric connections to be made 
with the metal strips in sequence. The 
sequence and number of connections tell 
the word-reading device which of the 10 
words has been written. Although the de- 
vice has enough flexibility to recognize 
most individual styles of cursive writing, 
it has limitations. The writer must not 
print the words nor lift the stylus be- 
tween letters. He must dot his “i's” 
punctiliously in the words “five,” “six,” 
and “nine.” 

For a primary-grader among machines, 
however, the handwriting reader has a 
high degree of accuracy, scoring 97% in 
a test of 1,000 words written by 20 per- 
sons. It is felt that most of the 3% error 
rate can be eliminated by minor improve- 
ments. 


Tape-Controlled 
Turret Punch Press 


A new tape-controlled turret punch 
press, which automatically locates and 
pierces holes in sheet metal or plate at 
high speed, has been developed by the 
Wiedemann Machine Company using 
numerical positioning controls which were 
developed by the General Electric Com- 
pany (GE). 

Designed specifically for automation, 
the “Wiedematic” turret punch press pro- 
vides an extremely fast and consistently 
accurate short-run piercing method. All 
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press functions—tool selection, material 
positioning, and piercing—are controlled 
automatically. Multiple die sets, layout, 
tool setup, and multiple material han- 
dling are eliminated. Openings of any 
size or shape up to 8-inch diameter are 
produced in as little as one-fifth the time 
required with a manually operated 
Wiedemann turret punch press of the 
same size. 

Operation of the Wiedematic is re- 
duced to push-button simplicity. All of 
the information required to complete a 
job is programmed on a standard 8- 
channel, l-inch-wide tape. The operator 
simply loads the material on the press 
table, inserts the tape in the reader, and 
starts the press. Simultaneously, the ma- 
terial is moved in-or-out and crosswise 
to the designated centerline dimension at 
a speed of 600 to 800 inches per minute, 
while the turrets rotate to bring the 
proper punch and die (any one of 36 
mounted in the turrets) into piercing po- 
sition in less than 2 seconds. As soon as 
all three motions are completed, the press 
trips. During the piercing operation, the 
information for the next hole is read. 
and the table and turrets move imme- 
diately as required with no lost time 
Since all hold locations are taken from a 
zero reference, there is no accumulative 
error. 

The _ type-A-100 Wiedematic turret 
punch press in operation at the GE spe- 
cialty control department in Waynesboro, 
Va., has a capacity of 100 tons, and a 
throat depth of 63 inches. It can pierce 
sheet metal or plate up to 60 inches by 
100 inches by % inch thick in a single 
handling at a production rate of approxi- 
mately 30 hits per minute. 

This press is equipped with GE modi- 
fied Mark III numerical positioning con- 
trol, which automatically directs all press 
operations. This closed-loop servo system 
is self-checking to assure optimum locat- 
ing accuracy. All operator controls along 
with the tape reader are enclosed in the 
control console, which can be placed at 
any convenient location near the press. 

Tape preparation is accomplished easily 
with either a standard tape punching 
machine, working to a simple work chart 
listing the X and Y dimensions and tur- 
ret station number for each opening, or 
by an Auto-programmer developed by 
GE. This lauer unit can produce a tape 
from a dimensionless line drawing using 
an optical system. With this method, 
drafting time can be reduced approxi- 
mately 75%. 


“4 OPERATOR stands at the console as the 
Wiedematic turret punch press completes an 

t ti q e of locating and piercing 
holes in a large metal sheet at the rate of 
30 hits per minute. Press operations are di- 
rected by General Electric Mark II! numerical 
positioning controls from information pro- 
gr d on standard 8-ch | tape. Tape 
reader is shown within console cabinet. iy 
draulic power unit for press is shown at the 
extreme left. 
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NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute assumes no responsibility for state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question 


ADVANCES IN SEMICONDUCTOR 
SCIENCE. Edited by Harvey Brooks, Perga- 
mon Press, Inc., 122 E. 55th St., New York 22, 
N. Y., 1959. 553 pages, 742 by 10 inches, 
bound. $15. This collection of papers empha- 
sizes the fundamental aspects of semiconduct- 
ing solids. Among those topics investigated 
are band theory, recombination and impurity 
centers, surfaces, dislocation, exitons and 
photons, optical P no. dyes ionic crystals, 
magneto-optical effects, thermal conduction 
and thermomagnetic effects, large band gap 
semiconductors, and resonance. These papers 
constitute the Proceedings of the Third Inter- 
national Conference on Semiconductors held 
in 1958, and are published also in the January 
1959 issue of the Journal of the Physics and 
Mechanics of Solids. 


DIGITAL AND SAMPLED DATA CON- 
TROL SYSTEMS. By J. T. Tou. McGraw-Hill 
Book Company, Inc., 330 W. 42nd St., New 
York 36, N. Y., 1959. 631 pages, 64% by 9% 
inches, bound. $15. The basic theory and 
available techniques for the analysis and de- 
sign of digital and sampled-data control 
systems are presented. The subject matter 
is divided into three parts dealing with intro- 
ductory material, system analysis, and system 
design. It covers such advances as multirate 
sampling techniques, systems with  non- 
synchronized samplers, cyclic variable-rate 
sampled-data systems, adaptive control, statis- 
tical design, simulation, and systems with 
finite sampling duration. 


[THE ECONOMICS OF NUCLEAR POWER, 
INCLUDING ADMINISTRATION AND 
LAW. Volume 2. Edited by I. R. Maxwell 
and others. Pergamon Press, Inc., 122 E. 55th 
St., New York 22, N. Y., 1959. 419 pages, 
6% by 9% inches, bound. $17. A continuation 
of other volumes in this series (Progress in 
Nuclear Energy, Series VIII), the present 
volume discusses the world demand for nu- 
clear energy; nuclear fuel supply and costs, 
with particular reference to uranium mining 
costs; the generation of nuclear energy, in- 
cluding its application to purposes other than 
electricity generation; the cost of generating 
electricity for nuclear reactors; and the effect 
of reactor design on costs. Nuclear power 
programs in various countries are also dis- 
cussed. 


ELECTROLYTE SOLUTIONS. By R. A. 
Robinson and R. H. Stokes. Second edition. 
Academic Press, Inc., 111 Fifth Ave., New 
York I, N. Y., 1959. 559 pages, 5% by 9 
inches, bound. $11.50. A detailed account is 
given of the fundamental properties of 
electrolyte solutions, including conductance, 
chemical potential, and . diffusion. Modern 
experimental methods are discussed, and 
experimental results are given. In this edition, 
the text has been revised to include new 
experimental and theoretical developments, 
and although the book is primarily concerned 
with aqueous solutions, recent work on con- 
ductance in nonaqueous solutions has been 
added. The tables in the appendixes, particu- 
larly the tables of ionization constants of 
weak electrolytes, have been considerably 
enlarged 


ELECTROMAGNETIC RADIATION FROM 
CYLINDRICAL STRUCTURES. By Jf. R. 
Wait. Pergamon Press, Inc., 122 E. 55th St., 
New York 22, N. Y., 1959. 200 pages, 5% by 
8% inches, bound. $8. A theoretical treatment 
of the factors influencing the flush-mounted 
stub-type microwave antennas such as are 
used on aircraft and missiles. Following a 
brief review of the basic work in this field, 
a comprehensive discussion of slots on cylin- 
drical surfaces is presented. These include 
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circular cylinders, wedges, cylindrically tipped 
wedges, and elliptic cylinders. The application 
of the results to doubly curved structures such 
as spheres and spheroids is also presented. 


ELECTRONIC COMPONENTS HAND- 
BOOK. Volume 3. Edited by Keith Henney 
and others. McGraw-Hill Book Company, Inc., 
330 W. 42nd St., New York 36, N. Y., 1959. 
180 pages, 8% by 11% inches, bound. $10. 
In this final volume in the series, further 
information is provided which permits the 
designer to select and use components that 
perform with maximum reliability. Emphasis 
is placed on component types for which 
military specifications are available. Data is 
given on transformers and inductors, including 
power, communication, pulse, hybrid, bistable, 
logic, and tuned transformers, as well as 
magnetic amplifiers and saturable reactors; 
connectors, including jacks, plugs, and sockets; 
wire and cables; terminals; tube shields; and 
miscellaneous hardware. 


EXPERIMENTAL NUCLEAR PHYSICS. 
Volume III. Edited by E. Segré. John Wiley 
& Sons, Inc., 440 Fourth Ave., New York 16, 
N. Y., 1959. 811 pages, 6 by 9% inches, bound. 
$23. This volume, which completes the series, 
discusses radioactive decay, alpha radieactivity, 
gamma rays. beta rays, and particle accelera- 
tors. Each section is intended to bring the 
reader up to date in experimental techniques, 
point out the significant facts and data, and 
indicate the broad lines of theoretical inter- 
pretation. In addition, the bibliographies in- 
cluded enable the reader to go directly to 
the original literature for further details. 


FREQUENCY RESPONSE FOR PROCESS 
CONTROL. By W. I. Caldwell and others. 
McGraw-Hill Book Company, Inc., 330 W. 
42nd St., New York 36, N. Y., 1959. 395 pages, 
6% by 9% inches, bound. $11.50. The funda- 
mental methods of frequency response are 
presented, and their application to the analy- 
sis, testing, and design of progress control 
systems is discussed. The first part, which is 
devoted to theory, considers velocity lag, 
linear lag, and stability considerations. Meth- 
ods of analysis are presented with emphasis 
on the damped-response method, while the 
coverage of controller responses includes con- 
trol charts for a variety of responses. Closed- 
loop responses are explained and disturbances 
are discussed with regard to their magnitude 
and location in the control loop. The second 
part of the book consists of the application 
of these fundamentals to actual process control 
problems. 


HEATSEALING AND HIGH-FREQUENCY 
WELDING OF PLASTICS. By H. P. Zade. 
Interscience Publishers, Inc., 250 Fifth Ave., 
New York I, N. Y., 3% 211 pages, 5% by 
8% inches, bound. $ A summary of the 
present knowledge regarding these two fabri 
cating processes is presented along with a 
survey of their increasing range of industrial 
application. Information is given on the phys 
ical properties of thermoplastics in relation 
to their welding properties, and there is an 
extensive review of heatsealing and high- 
frequency welding equipment, illustrated by 
photographs of representative types of welding 
machines. An index of international patents 
relating to the welding of plastics, and an 
index to trade names of thermoplastics are 
included. 


INVENTIONS, PATENTS, AND THEIR 
MANAGEMENT. By A. K. Berle and L. S. 
de Camp. D. Van Nostrand Company, Inc., 
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120 Alexander St., Princeton, N. J., 1959. 602 
pages, 5% inches, bound. $12.50. While not 
advocating that inventors act as their own 
patent attorneys, this book does indicate how 
to proceed with an invention in its early 
Stages; how to choose a patent attorney; how 
to co-operate with him to get the most from 
his services; and how to read, understand, and 
evaluate patents. In addition, the commercial 
exploitation of inventions is covered. It is 
shown that by following the correct procedure 
in obtaining patents, much time and expense 
can be saved. 


MATHEMATICAL METHODS OF OPERA- 
TIONS RESEARCH. By T. L. Saaty. McGraw- 
Hill Book Company, Inc., 330 W. 42nd St., 
New York 36, N. Y., 1959. 421 pages, 644 by 
9% inches, bound. $10. Mathematical methods 
essential to operations research are presented 
Following an introductory chapter on the 
history and basic concepts of operations re- 
search, the book continues with methods used 
in formulating mathematical models; optimi- 
zation, programming, and game theory; prob- 
ability, statistics, and queueing theory; and a 
discussion on creativity in relation to the 
solution of problems. Some knowledge of 
advanced calculus and matrix theory is re- 
quired 


PLANT ENGINEERING HANDBOOK 
Edited by William Staniar. Second edition. 
McGraw-Hill Book Company, Inc., 330 W 
42nd St., New York 36, N. Y., 1959. Various 
pagings, 64% by 9% inches, bound. $23.50 
This handbook covers the various aspects of 
plant organization, design, construction, opera- 
tion, and maintenance from the viewpoint of 
efficiency and economy. In this edition, new 
sections cover advances in standardization of 
engineering practice, industrial building heat- 
ing, automation, synthetic lubricants, indus- 
trial electronics, as well as other areas. In 
addition, the sections retained from the previ- 
ous edition have been extensively revised 


PROCEEDINGS OF THE FOURTH NA- 
TIONAL CONFERENCE ON TUBE TECH- 
NIQUES. Sponsored by the Advisory Group 
on Electron Tubes. Published by the New 
York University Press, Washington Square, 
New York 3, N. Y., 1959. 270 pages, 844 by 
Il inches, paper. $7.50. The papers included 
deal with a wide variety of aspects of 
vacuum tube construction. Among the aspects 
considered are properties of getters in electron 
tubes, microwave vacuum tube techniques, 
seals for vacuum tubes, manufacturing tech- 
niques, dispenser cathodes, thermionic emit- 
ters, and interface resistance. 


PROGRESS IN NUCLEAR ENERGY. (Series 
I, Physics and Mathematics, Volume 3.) Edited 
by D. J. Hughes. Pergamon Press, Inc., 122 
E. 55th St., New York 22, N. Y., 1959. 403 
pages, 64% by 9% inches, bound. $15. A 
selection of papers presented at the second 
United Nations Conference on the Peaceful 
Uses of Atomic Energy is included. Among 
the topics discussed are the slow neutron 
fission cross sections of the common fissile 
nuclides, radiochemical methods applied to 
the determination of cross sections of reactor 
interest, fast neutron scattering and capture 
by atomic nuclei, radiative capture of fast 
neutrons, mass distributions in thermal and 
resonance fission, and the use of the pile 
oscillator in thermal reactor problems. A 
number of papers are devoted to the experi- 
mental and theoretical aspects of the process 
of neutron thermalization and its bearing on 
the neutron energy spectrums in reactors 


RADIATION HYGIENE HANDBOOK 
Edited by Hanson Blatz. McGraw-Hill Book 
Company, Inc., 330 W. 42nd St., New York 
36, N. Y., 1959. Various pagings, 644 by 9% 
inches, bound. $27.50. The industrial, medical, 
and research uses of radiation and atomic 
energy are covered with specific reference to 
the field of health physics, industrial hygiene, 
and sanitary engineering. Essential informa- 
tion is provided on exposure standards, sources 
of radiation, waste disposal, air and water 
pollution control, physiological effects of radi- 
ation, along with tables and general data. 
Descriptions of natural and man-made sources 
of radiation are presented in such a way as 
to aid in classifying a particular hygiene 
problem. 
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THE SCIENCE OF MECHANICS IN THE 
MIDDLE AGES. By Marshall Claggett. The 
University of Wisconsin Press, 811 State St., 
Madison, Wis., 1959. 711 pages, 6% by 10 
inches, bound. $8. This volume is a guide 
and source book for the study of the develop- 
ment of mechanics in the period before Gali. 
leo, It includes both extensive commentary 
and numerous texts, with the purpose of 
offering a documentary analysis of the criti- 
cism and modification of Aristotelian mechan- 
ics that took place from the 13th to the 15th 
Century. In the course of his study, the author 
establishes the importance of the medieval 
studies as a significant link between Aristotel- 
ian and Newtonian concepts. 


SERVOMECHANISM FUNDAMENTALS. By 
Ben Zeines. McGraw-Hill Book Company, 
Inc., 330 W. 42nd St., New York 36, N. Y., 
1959. 257 pages, 6 by 9% inches, bound. $5.50. 
The fundamentals underlying servo systems 
and data-transmission systems are presented 
in a nonmathematical fashion. The author 
discusses elementary forms of control systems, 
servo systems, synchros, servo elements, and 
electronic and magietic amplifiers. In addi- 
tion, d-c and a-c servomotors are discussed 
in detail, and performance improvers and 
methods of measurement are included. A large 
number of diagrams, closely integrated and 
correlated with the textual matter, are pro- 
vided. 


SPACE TECHNOLOGY. Edited by H. S. 
Seifert. John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y., 1959. Various 
pagings, 6 by 9% inches, bound. $22.50. A 
thorough exposition is given of the funda- 
mental physical principles of very-long-range 
ballistic vehicles, stressing the quantitative 
relations that are most useful for space flight. 
In addition to a particularly thorough dis- 
cussion of ballistics and flight dynamics, cover- 
age is given to propulsion, communications 
and guidance, man in space, and the scientific 
uses of space. The 500 selected references 
given provide a guide to the significant liter- 
ature in this field. 


STEAM POWER PLANTS. By C. D. Swift. 
McGraw-Hill Book Company, Inc., 330 W. 
42nd St., New York 36, N. Y., 1959. 491 
pages, 64% by 9% inches, bound. $11.50. All 
classes of steam boilers and steam electric 
plants from pressures above low-pressure heat- 
ing installations up to supercritical high-tem- 
perature installations are covered. The mode 
of operation of the various power plant 
apparatus and how they are tied together 
into a complete operating power plant is 
described. Instruments, safety devices, and 
electric equipment are also discussed, as are 
the factors that must be considered in achiev- 
ing economical power production 


FRANSISTOR CIRCUITS. By K. W. Catter- 
mole. The Macmillan Company, 60 Fifth 
Ave., New York 11, N. Y., 1959. 442 pages, 
5¥%4 by 8% inches, bound. $14. An introduc- 
tion to the principal functions of transistors 
and to the circuit arrangements in which 
they can be used is presented. Beginning with 
the theory and manufacture of semiconductor 
crystals, diodes, and transistors, the author 
continues with a thorough treatment of single- 
Stage, multistage, power, and high-frequency 
linear amplifiers. This is followed by a dis- 
cussion of negative resistance, digital and 
pulse circuits, and frequency changing pro- 
cesses such as modulation and _ detection. 
Concluding sections deal with test methods 
and with potential applications. 


TECHNICAL LITERATURE 


The following recently issued technical litera- 
ture may be of interest to readers of Electrical 
Engineering. All inquiries should be addressed 
te the issuers. 


OTS PUBLICATIONS. The Office of Tech- 
nical Services (OTS) has made the following 
reports available to the public: “Unconven- 
tional Electrical Power Sources,” PB 151726, 
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U. S. Air Force, Sept. 1956, 104 pages, $2.50, 
is concerned with the roduction of electrical 
power by conversion of five sources of energy 
-——mechanical, thermal, chemical, solar, and 
nuclear; ‘Salvage of Flooded Electrical Equip- 
ment,” PB 151670, U. S. Naval Research 
Laboratory, June 1959, 21 pages, 75¢, is an 
illustrated report which descri a cleaning 
composition that removes fuel oil from elec- 
trical equipment without harming insulation, 
metal, or humans, and also acts as an anti- 
rust agent; and “Advanced Propulsion Sys- 
tems,” PB 151796, Office of Naval Research, 
July 1958, 105 pages, $2.50, explains and 
evaluates propulsion motors and power sources 
as separate units and reviews general prin- 
ciples of propulsion as they apply to non- 
conventional systems. All three reports may be 
ordered from OTS, U. S. — of 
Commerce, Washington 25, D. 


INSULATION FOR SMALL_ TRANS- 
FORMERS. Providing guidance and data for 
designers of all forms of electrical insulation, 
the handbook considers factors which affect 
the electrical strength and life of insulation 
in service, and provides numerous graphs. 
The 93-page pocket-size book was prepared 
by J. H. Mason and C. G. Garton, and is 
made available by the British Electrical and 
Allied Industries Research Association, Thorn- 
croft Manor, Dorking Rd., Leatherhead, Sur- 
rey, England. The book compares the merits 
and significance of nondestructive electrical 
tests with the customary overvoltage tests 
which often give little assurance of satisfactory 
life in service. The electrical, thermal, and 
mechanical properties of wire coverings, paper, 
sheet, and laminate insulations are given along 
with problems involved in impregnation. The 
price is 37s/6d (about $5.25) plus postage. 


ELECTRICAL CONTACTS, STP 56 M, 
1958 SUPPLEMENT: BIBLIOGRAPHY AND 
ABSTRACTS. Covering the year 1958, this 
supplement brings the total number of ‘refer- 
ences to over 2,500. There are 182 abstracts in 
the volume, as well as both author and sub- 
ject indexes. The references are arranged by 
subject in the supplement as has been the 
practice in previous editions. Among the 
topics covered are: fabricated contact ma- 
terials, powdered metals contact materials, 
circuit-breaker design, circuit-breaker testing, 
contactor or relay design, and electric arc 
theory. The series of which this supplement 
is a part consists of 7 volumes covering the 
period 1835 through 1958. Copies of this sup- 
plement may be obtained from American 
Society for Testing Materials headquarters, 
1916 Race St., Philadelphia 3, Pa., at $2.50 
each. 


PHYSICAL AND ENGINEERING PROP- 
ERTIES OF MATERIALS FOR NUCLEAR 
FUEL ELEMENTS. This is a compendium 
of physical and engineering data about ele- 
ments, alloys, compounds, and other materials 
of particular interest to those engaged in the 
design, fabrication, and use of nuclear fuel 
and control elements. It was compiled and 
includes an introduction by Dr. H. H. Haus- 
ner, adjunct professor, Polytechnic Institute 
of Brooklyn, and consultant to  Sylvania- 
Corning Nuclear Corp., Bayside, N. Y. Among 
the 80 tables presented are thermal-neutron 
cross sections of 50 commonly available ele- 
ments, and various physical and thermal 
properties of uranium, uranium alloys, thor- 
ium, plutonium, ceramics, zirconium and 
zircaloy-2, aluminum, stainless steel, graphite, 
and other high-temperature materials. The 
55-page book, multilithed, is available at $1 
from Sylvania-Corning Nuclear Corp., Bay- 
side, N. Y. 


AMERICAN STANDARDS. Revisions of the 
three basic American Standards for metal 
conduit and tubing for electric raceway sys- 
tems have been approved and published by 
the American Standards Association (ASA). 
Of interest to contractors and other users 
of electric wiring as well as to manufacturers, 
the three standards cover zinc-coated rigid 
steel conduit, enameled rigid steel conduit, 
and zinc-coated electrical metallic tubing used 
as raceways for the wires or cables of an 
electric system. The three revised standards 
are: Rigid Steel Conduit, Zinc-Coated, C80.1- 
1959; Rigid Steel Conduit, Enameled, C80.2- 
1959; and Electrical Metallic Tubing, Zinc- 
Coated, C80.3-1959. All three standards give 
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tables of dimensions and weights, coatings, 
and identification, as well as test and inspec- 
tion procedures. They are available at 80¢ a 
copy from ASA, Dept. PR 104, 70 E. 45th 
St., New York 17,_N. Y. 


NUCLEAR METALLURGY, Volume 6. 
Comprising technical papers presented at the 
1959 Nuclear Metallurgy Symposium, = : 
sored by the Metallurgical Soclety of AIME, 
the volume is divided into two sections: the 
behavior of metallic fuel materials and the 
behavior of the ceramic fuel materials. The 
first part discusses the fundamentals of fission 
damage and explains phenomena such as 
growth, swelling, and uidletion-tadachd phase 
transformations that limit the useful life of 
metallic fuels. This is followed by papers on 
the irradiation behavior of engineering .ma- 
terials. The volume may be purchased through 
AIME, 29 W. 39th St., New York 18, N. Y 
Price is $7. 


SCIENTIFIC INFORMATION REPORT. 
Issued semimonthly by the U. S. Central In- 
telligence Agency, the report is distributed 
by the U. S. Department of Commerce, Office 
of Technical Services, Washington 25, D. C. 
The report presents unevaluated information 
extracted from recently received publications 
of the USSR, Eastern Europe, and China. The 
information selected is intended to indicate 
current scientific developments and activities 
in the USSR, in the Sino-Soviet Orbit coun- 
tries, and in Yugoslavia, and is disseminated 
as an aid to United States Government re- 
search. Articles abstracted cover a broad range 
of topics and include astronomy, chemistry, 
rege wrens engineering, medicine, and phys- 

Annual subscription is $28 ($32 foreign); 
daghe copies are $2.75. 


ZENER DIODE HANDBOOK. A compre- 
hensive, 130-page manual covering _ basic 
theory, design characteristics, and applications 
for zener (voltage limiting) diodes has been 
made available by Motorola’s Semiconductor 
Products Division. The handbook is intended 
to serve as a guide in the use of this new 
component and includes chapters on the fol- 
lowing: characteristics of silicon zener diodes, 
design considerations, regulated power sup- 
plies, surge protection, a-c and d-c amplifiers, 
temperature compensation and impedance can- 
cellation, and specifications and testing meth- 
ods. The book contains numerous schematic 
drawings, tables, and curves. Copies of the 
handbook are available for $1 from anv of 
the company’s distributors, or from Dept. 
ZDH, Motorola Inc., Semiconductor Products 
Division, 5005 E. McDowell Rd., Phoenix. 
Ariz 


WHY AUTOMATION? This report, pub- 
lished by the National Office Management 
Association (NOMA), is a synthesis of the 
automation experience of 369 companies with 
recent automated data-processing machinery 
installations and deals with the impact of 
automation in the office. It defines the factors 
involved in the decision to install automated 
data-processing systems and their measurable 
effects thus far on present company growth. 
Copies of the complete report, which will 
also include the NOMA Automation Bibliog- 
raphy (a classified compilation of selected 
articles, booklets, reports, and books pub- 
lished on the subject of automation), are 
available to nonmembers of NOMA for $5 
each from NOMA headquarters, 1931 Old 
York Rd., Willow Grove, Pa. 


RELAY DEFINITIONS AND TESTING 
PROCEDURES. This 70-page progress report 
by the National Association of Relay Manu- 
facturers (NARM) presents suggested defini- 
tions and test procedures, discusses test equip- 
ment and precautions, outlines work yet to 
be done, and solicits comments and sugges- 
tions on work accomplished to date. The re- 
port covers dry circuits (low energy switch- 
ing); measurement of electrical characteristics; 
contact life testing; environmental testing in- 
cluding temperature, humidity, altitude, and 
corrosion; vibration testing; and shock, accel- 
eration, and tumbling. Copies of the report 
are available on request from NARM, atten- 
tion Prof. C. F. Cameron, P. O. Box 6, Still- 
water, Okla. 
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The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 

For specific information on current openings write 
to Mr. D. L. Pyke. 


THE RAMC WOOLDRIDGE LABORATORIES 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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New and Improved Products... 


Tiny Tape Recorder... 


Said to be the smallest tape recorder 
yet developed, this instrument was de- 
signed to register missile and satellite in- 
formation for playback to earth receivers. 
The entire unit weighs 1014 ounces, will 
register 16 channels of information on a 
continuous tape, and requires only 114 
watts to operate, Electronic accessories in- 
clude transistor timing oscillators, Zener 
diode, bias supply and bias oscillators, d-c 
amplifiers, and battery packs. The whole 
recorder may be inserted in a 3-inch pipe 
for oil well drilling applications. Leach 
Corp., Los Angeles, Calif. 


High-Speed X-Ray Camera... 


With this high-speed camera, X-ray 
movies of human internal organs and func- 
tions can be taken for diagnostic purposes 
with minimum hazard to the patient. An 
epicyclic, quick change gear train provides 
frame speeds at rates of 7.5, 15, 30, and 60 
per second. The camera uses a 100-foot 


Courtesy K. Hallock 


Kodak Cine Special magazine coupled to 
a polarized synchronous motor drive which 
includes a commutator that furnishes shut- 
ter phasing. Photomechanisms, Inc., 6 W. 
18th St., Huntington Station, L.L, N.Y. 


X-Ray Gauge... 


Designed for measurements ranging 
from foil thickness of 0.0025-inch to plate 
thicknesses of 1.5 inches, the XactRay 
gauge uses a sharply pulsed, pencil X-ray 
beam to measure thickness of steel, copper, 
brass, aluminum, and other metals at 
speeds up to 6,000 feet per minute. The 
new combination recorder-controller offers 
increased flexibility in controlling up to 
six points and recording up to 24 points 
and also features an ability to operate 
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from either one or two separate thermo- 
couples or other inputs per point. Day- 
strom Inc., 614 Frelinghuysen Ave., Newark 
12, N.J. 


Single Disk 3-Stator Meter... 


This 3-stator meter designated P-3 in 
round construction for measurement of 4- 
wire wye service completes the line of P 
polyphase meters introduced last year. The 
unit has sectionalized construction and is 
easily calibrated. It is furnished in both 
socket mounting and bottom connected 
models. Sangamo Electric Co., Springfield, 
Hil. 


Heat Insulated Diodes ... 


These silicon diodes are jacketed with 
Teflon for use in areas where close-quarter 
mounting procedures are used. In printed- 
circuit boards, computers, and other data- 
processing equipment, these high-tempera- 
ture chemical-resistant jackets permit very 
close positioning of the diodes while 
eliminating the possibility of the cases 
short circuiting to other components or 
the chassis. Electrical and mechanical 
properties may be maintained from —67 
to +250 C. International Rectifier Corp., 
El Segundo, Calif. 


Compression Tool... 


Nine tons of pressure can be applied 
for crimping service taps and_ service- 
entrance connections with this one-hand- 
operated compression tool. Power is fur- 
nished by a cylinder of liquefied carbon 
dioxide screwed into the handle of the 
tool. Over 50 crimps can be made with a 
refillable cylinder. Safety features include 
a locking pin to prevent accidental opera- 
tion of the jaws and a safety blowout disk 
to prevent excessive cylinder pressure. The 
A. B. Chance Co., 210 N. Allen, Centralia, 
Mo. 


Ultrasonic Impact Grinder... 


Areas up to 314 inches in diameter 
may be cut with this new 2,500-watt impact 
grinder, Cutting, slicing, drilling, grinding, 
and trepanning can be accomplished with 
tolerances of +0.0003 inch when machin- 
ing regular or irregular cuts in semicon- 
ductors, ceramics, ferrites, carbides, metals, 
jewels, and other hard or brittle materials. 
It may also be used effectively to mass ma- 
chine parts in servo valves. One unusual 
application is splicing and welding certain 
hard-to-seal plastics like Mylar that resist 
being sealed by heat, chemicals, or tape. 
Raytheon Co., Waltham 54, Mass. 


High-Fidelity 
2-Way Radio... 

A new Citizens Bank radio with super- 
heterodyne receiver and_ incorporating 
other high-fidelity features will provide 


positive contact up to several miles in the 
noisiest locations for amateur yachtsmen, 
construction crew foremen, the farmers, 
and other users of 2-way radio communi- 
cation, The highly sensitive receiver can 
be tuned manually to any one of 23 chan- 
nels in this band or it may be crystal con- 
trolled for any channel desired. A special 
squelch circuit eliminates receiver noise 
when the set is standing by for monitoring 
purposes. Radio Corporation of America, 
30 Rockefeller Plaza, New York 20, N.Y. 


Analog Computer with 
Digital Advantages ... 


By incorporating the high-speed 
memory and automatic iteration capabili- 
ties of a digital computer with the analog’s 
speed, ease of programming, and improved 
data output presentation, the DYSTAC 
makes a wide range of new applications 
possible. For example, it can solve process 


problems theoretically and then apply the 
answers directly to the control of that 
process. It can also be used for automatic 
iteration solution to statistical problems, 
numerical integration procedures, auto- 
matic optimization of least-mean squares, 
solution of simultaneous second-order 
partial differential equations and analysis 
of sample-data systems. Computer Systems, 
Inc., 611 Broadway, New York 12, N.Y. 


Portable Volt Potentiometer ... 


Typical laboratory and plant applica- 
tions of this compact, 3-dial potentiometer 
include measurements of temperature, pH, 
redox, contact potential, and calibration 
of d-c ammeters, voltmeters, thermal con- 
verters, strain gauges, and similar instru- 
ments. Called 8687 or “Baby K-3,” its op- 
erating range is from 0 to 1.601 volts and 
from 0 to 0.1601 volts. A central window 
readout of two decades and slidewire in 
addition to convenience of operation, high 
accuracy, and sensitivity are among the 
advantages claimed for this new instru- 
ment. Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia, Pa. 


(Continued on page 20A) 
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OF MITE’ 


RHEOSTATS 


WITH SPECIAL FEATURES 


solve many difficult control problems 


Ohmite offers not only industry’s most complete line of 
standard rheostats but also rheostats with a wide variety 
of special features. Mlustrated are only a few. All have 
the distinctive Ohmite design features: smoothly gliding 
metal-graphite brush; all-ceramic construction; insu- 
lated shaft and mounting; windings permanently locked 
in place by vitreous enamel. You will find the special 
rheostat feature you need in the dependable Ohmite line. 





Two groups of four Ohmite taper-wound rheostats 
mounted in tandem, controlled by a single knob 
through a chain drive. 





Write on Compony Letterhead for Catalog 58. 
Call on Ohmite for 
APPLICATION 
ENGINEERING SERVICE 


Save valuable engineering ; 

time. Team up with Ohmite to = ig? 

solve your resistance problems. tien .: omponents 
Ohmite engineers are resist- 


ance specialists. They can : . § RHEOSTATS RESISTORS TAP SWITCHES 


ickt I d 
a eiiedoesk en -ieeen RELAYS VARIABLE TRANSFORMERS DIODES 


rheostat to fit your application. : a TANTALUM CAPACITORS R. F. CHOKES 


® Manufacturing Company 
3614 Howard Street, Skokie, illinois 
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0.01% regulation—why be half safe? 
You can get a-c line voltage regulation 
to the exact degree of precision you 
need from Sorensen. Model 2501 
(left) regulates a-c line voltage to 
+0.01% at 2500 VA. Other Sorensen 
a-c models range in precision from 
meter calibrators to rugged ‘‘constant 
voltage transformers,’’ designed togive 
you maximum volt-amps per dollar. 


Fully-transistorized regulated d-c 
supplies—The most complete line of 
transistorized low-voltage d-c power 
supplies on the market—like the new 
Model Q6-2 (jeft)—is offered by Soren- 
sen. Regulation accuracy is +0.25% 
(line and load combined). Life is ex- 
ceptional. Response speed is extremely 
fast. They come with voltage adjustable 
over 2:1 range (Model Q Series) in 6, 
12, 28 vde and capacities to 200 watts. 
Also in 0-36, or 0-75 vde continuously 
variable ‘“‘Rangers’’ (Model QR Series) 
of 150-.watt capacity. 
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Here’s a d-c workhorse for 
rack-panel equipment—New Sorensen 
Model MD supplies feature magnetic 
regulation, semiconductor rectifiers, 
capacitance-input filters—and low cost. 
What's more you get any factory preset 
voltage you want, from 2.5 vdc to 1000 
vdc. Available in 8 sizes from 25 to 
3000 watts. No switches, no fuses 
(short circuited output is not recom- 
mended, but is not damaging). Ideal 
for powering your 19” rack-panel 
equipment. 
































Sorensen has many other ideas for packaging power to your needs, including 
standard off-the-shelf models, both electronic and transistorized, to take care of 
almost every need for controlled power—whether ac or dc, low or high voltage, low 
or high current. Ask for the latest Sorensen catalog. And let Sorensen engineers 
talk over with you a complete power system for your complex electronic equipment. 

8.6 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
iN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. , 





New & Improved Products 
(Continued from page 18A) 


New Terminal Strips .. . 


A quick snap-fit of the nylon yoke pin 
into a polypropylene spacer sleeve elimi- 
nates the old, time-consuming method of 
attaching strips to the chassis. Depending 
on size, these fittings come with one or two 
nylon yokes assembled. Three sleeve 
heights are over the chassis. There are 
seven standard sizes of from 1 to Il 
silvered, pretinned notches for quick sol- 
dering. Tektronix, Inc., P.O. Box 831, Port- 
land 7, Ore. 


Scientific Computer... 


Answers to complex scientific and en- 
gineering problems in split seconds are 
possible with this new IBM 1620 computer. 
Fully transistorized, the device was de- 
signed to meet technological needs for a 
compact, table-size computer with operat- 
ing capabilities of much larger systems. 
Input-output is by means of an electric 
typewriter and a paper tape reader and 
punch. A comprehensive library of mathe- 
matical and statistical routines provides a 
fast, simplified method of programming. 
The magnetic core storage unit has a ca- 
pacity of 20,000 alphameric digits, each 
of which is individually addressable and 
can be made immediately available for 
processing. IBM Corp., Data Processing 
Division, 112 E. Post Rd., White Plains, 
N.Y. 


Flexible Bus Duct System... 


Adaptable for distributing electricity 
in industrial plants and commercial build- 
ings, XL Duct is easy to install and fea- 
tures plug-in power take-off at any place 
along the line without disconnecting the 
main power line. It is primarily designed 
for industries where annual model changes 
require relocation of machinery and equip- 
ment, The ducts incorporate many safety 
features, and are designed for low voltage 
drops, while possessing unusual electrical 
and mechanical strength. Simplified joint 
construction produces maximum installa- 
tion economy. The units are available in 
10-foot lengths with elbows and short end- 
pieces. Ratings range from 225 to 1,000 
amperes and voltages through 600 volts 
a-c. BullDog Electric Products Division, 
I-T-E Circuit Breaker Co., 7610 Jos. 
Campau, Detroit, Mich. 


X-Y Plotter... 


The new HR-94 XY recorder is de- 
signed to operate from differential trans- 
formers and may be used to plot very 
small mechanical movements. With a mul- 
tiplication factor of 1,000:1 the instrument 
will readily detect a 20-microinch move- 
ment with a total error of less than 0.15%. 
Signal, reference, and rebalance circuits 
are 400 cps originating from a_ built-in 
tuning fork. Houston Instrument Corp., 
1717 Clay Ave., Houston 3, Texas. 


(Continued on page 24A) 
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KNOW - DON’T GUESS - | 
PROTECTIVE SYSTEM OPERATED 


HOW YOUR 


with the HAMILTON AUTOMATIC OSCILLOGRAPH, RS-9 THIRTY 


The Hamilton Oscillograph, RS-9 
Thirty, provides constant vigilance over 
your high voltage lines. It shows when 
a relay or breaker protecting the line is 
slow acting or erratic...often indicating 
faulty equipment before it can cause 
costly down-time. 

The RS-9 Thirty stands by, constantly 
monitoring your system with as many as 





HAMILTON MAIL COUPON TODAY 
WATCH COMPANY FOR DESCRIPTIVE 


HATHAWAY LITERATURE. 
INSTRUMENT DIVISION 


5800 E. Jewell Ave., Denver 22, Colo. 


... provides proof of sequence of relay and breaker operation... 
a permanent, accurate record of what happens when a fault occurs. 


32 channels. Then, within 2 milliseconds 
after a fault occurs, it is automatically at 
work recording the transient wave forms, 
giving you a sharp, easy-to-read record 
of everything that happens to your 
system for the duration of the fault. 
Also available—a 14 channel auto- 
matic oscillograph, RS-9 Fourteen — for 
monitoring your protective equipment. 
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General Electric announces « 


NE! 


From General Electric comes the all-new draw-out 
Limitamp control—today’s most advanced medium- 
voltage motor starter. Designed for the control of a-c 
motors rated 2300 through 4600 volts and up to 3000 
hp, this new air-break starter has broad application 
throughout industry. 


Since its introduction in 1941, Limitamp control has 
established a reputation for being first with the design 
features that add up to major user benefits. And, 
today’s all-new Limitamp control follows this pattern 
with a host of design innovations that make for: 


Faster installation: When you’re ready to roll in the 
contactor—it can be done easily by one man. And, 


JKAVY “LU 


there are no connections to make—they are made auto- 
matically as the contactor rolls into place. There’s 
plenty of space inside the panel for pulling the motor 
and power cables . . . and making the connections. 
And, with the new design, floor sills have been elimi- 
nated. This means no more grouting, no expensive 
cement work, simplified lineup with other panels. 


Simpler, safer operation: One handle now controls the 
complete operation of connecting and disconnecting 
the starter from the bus and mechanically locking the 
high-voltage compartment door. A unique interlocking 
system protects the unit from misuse. 


Superior protection: General Electric’s new Limitamp 
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INSTALLS IN HALF THE TIME—Draw-out air breal 
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INTERRUPTS FAULT IN FIRST ' 
current-limiting fuses interrupt cir 


c@use damage 
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control utilizes fast-acting current-limiting fuses, 
ambient-compensated overload relays, and a high- 
voltage contactor to provide the most “‘positive’’ pro- 
tection for your motors. Proved EJ-2 fuses interrupt a 
fault in the first 14 cycle, thus reducing damage to 
valuable motors. The performance of the completely 
coordinated design has been exhaustively tested in 
General Electric’s high-voltage laboratory to provide 
the most reliable equipment for your application. 


Easier maintenance: Even with these advanced design 
features, new Limitamp controls are simpler than ever 
to maintain. All components are accessible from the 
front for inspection and maintenance—without remov- 
ing them from the enclosure. A special test circuit is 


I mpartments, and increased 









NORMAL: MAINTENANCE WITH CONTACTOR IN PLACE 


Frill ¢ 


IN TKC 


built into each unit—permitting check-out operation 
before the unit is put into service. 


For full information on all-new Limitamp motor 
control, contact your G-E Apparatus Sales Engineer 
or Agent today. Or write Sect. 783-10, General Electric 
Co., Schenectady, N. Y., for Bulletin GEA-6893. 
Industry Control Dept., Roanoke, Virginia. 


*Reg. trade-mark of General Electric Company. 
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NELSON SWITCHBOARD TESTING 
ASSURES PERFECT OPERATION 


Nelson makes certain at the factory that your switchboards 
and switchgear will work right. This quality control is now 
possible because the... 


NEW NELSON SWITCHBOARD TESTER 
DUPLICATES FIELD OPERATING CONDITIONS 


Developed by Nelson to test metering and relaying circuits 
of completed switchgear before shipment, this device tests 
potential and current circuits. 


The performance of the switchboard is accurately measured. 
Gone is the guesswork of the old-fashioned continuity tests 
that showed only whether or not the switchgear was wired as 
shown on the wiring diagram. 


This test gives both Nelson and the customer the satisfaction 
of KNOWING that the equipment is right as it leaves 
Nelson's plant, and is going to function in the field when 
properly installed. 


amajor source of electrical 


control equipment for industry 


NELSON $ZcZeee MANUFACTURING CO. 


TULSA, OKLAHOMA 
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New & Improved Products 
(Continued from page 20A) 


Recording Thermometer .. . 


Weighing less than a pound, this 
portable recording thermometer employs a 
dry stylus so that it can be used anywhere 
to record temperature-time changes. 
Powered by a spring wound clock move- 
ment, the device is small enough to be 
packed with goods being shipped and will 
record in any position. For recording 


temperature in liquid or wet environ- 
ments, the instrument can be encased in 
a thin polyethylene bag. Time ranges are 
available for one or seven days and tem- 
peratures either from 20 F to 220 F, or 
from —40 F to 160 F. Pacific Transducer 
Corp., 11836 W. Pico Bivd., Los Angeles 
64, Calif. 


Fail-Safe Annunciator... 


The operator can immediately tell 
whether an “off-normal” condition is the 
result of field conditions or instrument 
component failure with this fail-safe an- 
nunciator. Two lamps per annunciator 
point are used instead of one. A red lamp 
indicates a field abnormality while a white 
lamp shows a component failure and also 
doubles as a running lamp during such 
failure. Panalarm Division of Panellit, 
Inc., 7401 N. Hamlin Ave., Skokie, Ill. 


Miniature Computer... 


Said to be the smallest full-fledged 
analog computer yet made, this 10-ampli- 
fier model weighs just 23 pounds and may 
be used to study almost any physical sys- 
tem that can be described by linear differ- 
ential equations. Designed for educators, 


engineers, and scientists, the unit can solve 
up to a seventh order differential equation 
or a ninth degree Laplace transform. For 
solving more complex problems, up to 
three model 3,500 computers may _ be 
slaved together for 10-, 20-, or 30-amplifier 
operation. Donner Scientific Co., Concord, 
Calif. 


(Continued on page 28A) 
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The most complete 
synchronous motor 
protection you can buy 


Above and at right * Four EC&M 
1000 HP, 2300 Volt Synchron- 
ous Starters on air-compressor 
drives in Chrysler Corporation's 
new Ohio Stamping Plant at 
Twinsburg. Purchased and in- 
stalled by Hatfield Electric Co., 
Cleveland, Ohio. 


ed , g % 
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? ¥ 2 
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Below « Inside view of starter 
showing compact arrangement 
of fuses and contactor. The 
three arc shields slide out for 
quick access to both front and 
rear contacts—no draw-out of 

. contactor needed. 





a } 
Throughout the entire sequence, motor windings are completely pro- 
4 4 ; ; is automatically removed. Re-synchronization occurs when the motor 
Soe ER. 
high-interrupting-capacity ZHA air-break contactor. 


at oP ‘ J ECeM 2200-4800 VOLT STARTERS 
<8 8 ‘ws 
ng pm —. | e A push of the “‘start’’ button gives you complete protection during 
=f starting and running—pJus EC&M fully automatic synchronization. 
wee ae tf 
; 
4 tected and synchronization occurs at the most favorable time. Should 
4 F the motor pull out of step because of voltage dip or overload, the field 
re-accelerates the load. Short circuit protection is provided by current- 
limiting power fuses working in conjunction with EC&M'’s “certified” 
For complete details... 
WRITE FOR BULLETIN 8210 


THE ELECTRIC CONTROLLER & MFG. CO. 


A DIVISION OF THE SQUARE D COMPANY 
CLEVELAND 28 + OHIO 
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New Westinghouse IR Relays 
Provide Directionally Controlled 
Ground Fault Detection 


Westinghouse research has developed three new Types IRC—current polarized, FT-31 case 
relays for transmission line ground fault detec- IRD—dual polarized, FT-41 case 
tion: IRP—potential polarized, FT-31 case 


ELECTRICAL ENGINEERING 











Both the instantaneous and time-delay overcur- For complete information on the new IR relays, 
rent units are torque-controlled by the direction- call your Westinghouse salesman. Or write West- 
al unit. inghouse Electric Corporation, P. O. Box 868, 


Taps on the instantaneous unit facilitate set- Pittsburgh 30, Pennsylvania. o-<eeD 


ting and maintain a low burden level at any tap 
value over the entire current range. The cylinder you CAN BE SURE...iF its 


unit design is insensitive to transients. 
& 
The time-delay overcurrent unit is available ¥, le he 8 | n ou & e 
with any of seven different time-curve charac- 
teristics, plus a wide range of selectivity in time 
dial positions and minimum operating Current. . warcn -westinGHOUsE LUCILLE BALL-DES! ARNAZ SHOWS CBS TV FRIDAYS 
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REMOTE INSTRUMENTATION & CONTROL 


Telemeter 


CONTINUOUSLY 


from Remote Points 


Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


Accurate 
HIGH-SPEED 


Analog 


Telemeter 
for 
VOLTS 
AMPS 
WATTS 
PRESSURE 
FLOW 
TEMPERATURE 





For additional informa- 
tion, including applica- 
tion data, write or 
phone DE 4-3100. Dem- 
onstrations available 
by local representatives. 
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The Model 1025 Telemeter Transmit- 
ter converts DC mv from thermal con- 
verters, or other transducers with a DC mv 
output, to an output of 10 to 30 cps. If 
multi-channel operation over a single com- 
munication circuit is required, the 10 to 30 
cps signal is used to modulate a built-in 
frequency shift tone channel. The Model 
1090 Telemeter Receiver detects and de- 
modulates the transmitted signal and gen- 
erates a DC current or voltage which varies 
in exact accordance with the telemetered 
functions. The receiver output may be di- 
rectly applied to either recorders, indicat- 
ing instruments, or both. 

The equipment is conservatively de- 
signed for continuous duty operation. The 
over-all accuracy of the Telemeter is 1% 
with a speed of response of one second. 


WE CAN HELP YOU — Our Applications Department 
is ready to assist you in your control, telemetering 
or communications problem. 


Radio Frequency 


RIES, 





New & Improved Products 
(Continued from page 24A) 


Tracing Film... 


Duratrace is a new and improved 
tracing film that is low in cost, highly 
durable, has erasing qualities equal to the 
finest tracing cloth, and provides an ex 
cellent surface for pencils up to 5H. Th 
film has a unique surface on a Mylar base 
is waterproof, and will not become brittle 
or yellow with age. A soft rubber eraser is 
satisfactory for making pencilled or typed 
corrections where 25 erasures may be made 
on the same spot without destroying the 
drawing surface. Ozalid Division, General 
Aniline and Film Corp., Johnson City, 
N.Y. 


Thermal Endurance 
Plotting Paper... 


Two uniform graph sheets are now 
being produced that will allow much 
greater increase in uniformity and permit 
easier comparison of data presented for 
thermal endurance of insulating materials 
and systems. In many cases such data 
follow quite closely the chemical reaction 
rate theory and a straight line plot results. 
In both sheets, time (t) is plotted vertically 
in a 4-log cycle form from 10 to 100,000. 
On sheet 259-270G, temperature may be 
plotted horizontally from 100 to 300 C 
and on sheet 259-271 G from 100 to 400 C. 
Keuffel & Esser Co., 300 Adams St., Ho- 
boken, N.J. 


Glass Base 
Epoxy Laminates... 


Two new general purpose grades of 
epoxy-impregnated glass base laminated 
plastics are available in plain sheets or 
as Di-Clad copper clad sheets for printed 
circuit applications. Designated GB-28EV’-2 
and GB-16EV-2, these new grades are de 
signed for electrical insulation requiring 
low electrical loss properties and good arc 
resistance and dielectric strength. Sheet 
sizes are 38 by 38, and 38 by 42 inches. 
In thickness, GB-16 is available from 
0.010 to % inch, and GB-28 from VY» to | 
inch inclusive. Continental-Diamond Fibre 
Corp., Newark, Del. 


Packaged Power Center... 


A line of indoor unit substations rated 
up to 500 kva transforms and controls 
power at primary voltages of 5 or 15 kv to 
secondary distribution voltages at the point 
of use. The maximum over-all dimensions 
of the unit are 78 inches high, 98 inches 
long, and 42 inches deep, making possible 
conservation of valuable floor space. Be- 
cause the transformers are conservatively 
rated and mounted on vibration damp 
eners, the noise level is below NEMA 
standards making these power centers es 
pecially suitable for use in occupied areas 
or wherever personnel work close by. 
Federal Pacific Electric Co., 50 Paris St., 
Newark I, N.J. 

(Continued on page 30A) 
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Alcoa Aluminum 
...0aSy to join 
— by any method! 


Compression welding of Alcoa Aluminum is especially suited for 
fast, strong welds of nonheat-treatable alloys in the annealed 
condition. This method is utilized by manufacturers in several in- 
dustries for making lap welds in sheet and foil, butt welds in tube 
and sheet. Butt welds are also obtainable in bars or simple ex- 
truded shapes. No flux is required . . . resistance to corrosion is as 
good as the parent metal... heat cycle tests confirm that sound 
electrical connections in both aluminum to aluminum and alumi- 
num to copper may be accomplished. 


DECEMBER 1959 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost .. . 
lighter in weight .. . easier to handle . . . nonmag- 
netic .. . corrosion resistant . . . strong in alloys... 
offers more current-carrying capacity per pound .. . 
is easy to spin, form, bend, roll... can be cast, forged, 
extruded or drawn. 

Ask your Alcoa sales engineer to show you how 
you can put the benefits of Aleoa Aluminum into your 
products. Aluminum Company of America, 2114-J 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 

in Aluminum Value 

For exciting drama watch “Alcoa Presents” 
every Tuesday, ABC-TV, and the 


j Emmy Award winning “Alcoa Theatre’ 
alternate Mondays, NBC-TV 
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New & Improved Products 
(Continued from page 28A) 


Solar Furnace... 


The SF-9 for use in research and test- 
ing is a versatile high-temperature solar 
furnace available in a do-it-yourself kit 
form or fully assembled. The apparatus 
which has a focal diameter of 5 feet, can 
create temperatures up to 6741 F in just 
a few seconds with flux densities up to 
365 calories per square centimeter per 


second—when the sun is shining, of course. 
Fully equipped with automatic tracking 
system, remote controlled sample _posi- 
tioner, and temperature adjustment, it can 
be mounted on a mobile or stationary plat- 
form. Waltham Precision Instrument Co., 
221 Crescent St., Waltham 54, Mass. 


Frequency Sensing Governor... 


Model EFG, a universal electric gov- 
ernor for use on diesel and gasoline en- 
gines, steam and gas turbines is designed 
for constant speed control over a 10% 
range in 400 cycle service, and over a 30% 
range in 50/60 cycle service. The sensitivity 
and response characteristics of the gov- 
ernor are measured in milliseconds and 
the frequency circuit operates within 3 
milliseconds when the smallest speed 
change occurs. Full movement of the 
throttle from closed to open position is ac 
complished in 0.035 seconds. Another im- 
portant advance in the new unit is the 
development of a _ transducer element 
which replaces the wire-wound feedback 
potentiometer. Westinghouse Electric 
Corp., P.O. Box 2099, Pittsburgh 30, Pa. 


Toggle Switch... 


Here is a precision-made toggle switch 
that contains four poles yet occupies less 
than | cubic inch of space below the panel. 
It was designed for aircraft, military, and 
other applications requiring compact con- 
trol panels. All exposed metal parts are 
either stainless steel or treated for corro 
sion resistance. Each pole is rated at 6 
amperes, 125/250 volts a-c. Weight is ap 
proximately | ounce. Electrosnap Corp., 
4220 W. Lake St., Chicago 24, Il. 
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Durability is one of the biggest 

features of Thorex Dynagap light- 

ning arresters -- a capacity to 
withstand the heavy, and sometimes 
unpredictable demands imposed by mod- 
ern transmission systems. 

This characteristic can be measured. 
ASA Station Class Durability Standards 
require an arrester to withstand a series 
of 20 discharges of 150 amperes, having 
a duration of 2,000 microseconds. These 
discharges are spaced over a time period 
of 75. minutes which permits valve block 
cooling between applications. 

Compare the standard with the oscil- 
logram shown here. Station Class Thorex 
arresters are tested, not at 150 amperes, 
but at 1,000 amperes or more! ‘The O-B 
impulse generator is set on fast auto- 
matic cycling and applies a discharge 


Nearly seven times the required stand- 
ard current is applied in less than 
one-tenth the allowable period of time. 
Because of the cumulative effects of this 
severe test procedure, it would be diffi- 
cult to evaluate Thorex performance 
against standard requirements. 


This is the kind of durability you 
get in Thorex arresters. Durability “far 
beyond the call of duty.” And this is 
another reason why your stations should 
be Thorex-equipped. 


OHIO BRASS CO., MANSFIELD, OHIO 


every 20 seconds, allowing no thermal PORCELAIN INSULATORS - LINE HARDWARE - CAPACITORS - LIGHTNING ARRESTERS 
relief period. BUSHINGS - HOLAN TRUCK-MOUNTED POWER DEVICES AND BODIES - BRONZE VALVES 





Mineral:Insulated 
(MI) Cable for hazardous areas 


Compact « easily installed « economical « fireproof «+ no vapor passage through- 
out the cable run « perfect for instrumentation. 

This 600 volt complete wiring system is unique not only in its construction 
but in its variety of applications. Composed of from 1 to 7 copper conductors, 
refractory mineral insulation, and encased in a seamless gas and water-tight 


copper tube, the system is UL listed for hazardous areas. The solid construction 
of MI cable and simply applied fittings utilizing a standard pipe thread, elimi- 
nate seal-off fittings of the conduit type. The completely inorganic construction 
of General Cable’s MI allows for continuous operation at 250°C. 

Ask any General Cable Authorized Distributor or your General Cable Rep- 
resentative—at any one of the 65 General Cable offices coast-to-coast—to pin- 
point actual installations of Type MI. For a free copy of the new 12-page Type 
MI Catalog, just write Dept. EE-12. 

General Cable Corporation, 730 Third 
Avenue, New York 17, N. Y. Offices and 
Distributing Centers Coast-to-Coast. 

MI, shown here supported on trays, 
supplies the power to all motors and 
other control points for the drying 
ovens at a large petrochemical plant. 


General Gable Corporation 


Manufacturers of MI cable since 1946 « Mineral Insulated Wire Division 
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AIEE SPECIAL PUBLICATIONS 


To meet a Specialized need, or where it has become advantageous to collate a number of papers on a subject in one pamphlet. a series of 
P P ti has been established. Prices quoted are (M) for AIEE members, and (N) for nonmembers. PRICE M_ 


$104 Application of Incremental Heat Rates for Economic Dispatch of Power (7/58) 
$79 Bibliography on Corona and Gaseous Materials 
S69 Bibliography on Electrical Safety (12/54) 
$35 Bibliography on Electronic Power Converters (1/50) 
$97 Bibliography on Gaseous Dielectric Phenomena (4/57) 
S62 Bibliography on High-Pressure Electric Arcs (5/54) 
$68 Bibliography on Telemetering (12/54) 
$87 Bibliography on Testing of Insulating Materials and Systems for Thermal Degradation (4/56) 
$100 Bibliography on Watthour Meters (11/57) 
T98 Conference on Magnetic Amplifiers (8/57) 
T91 Conference on Magnetism and Magnetic Materials (2/57) 
T88 Conference on New Developments in Instrumentation tor Industrial Control 
$29 Cumulative Indexes to AIEE Transactions, 1911-1921 and 1922-1938 
$29a Cumulative Index to AIEE Transactions, 1939-1949 
Digital Computers for Power System Problems (3/57) 
Electrical Engineering Problems in the Rubber and Plastics Industries (4/56) 
Electrical Engineering Problems in the Rubber and Plastics Industries (1/53) 
Electrical Engineering Problems in the Rubber and Plastics Industries (10/53) 
Electrical Engineering Problems in the Rubber and Plastics Industries (4/54) 
Electrical Engineering Problems in the Rubber and Plastics Industries (8/57) 
Electrical Engineering Problems in the Rubber and Plastics Industries (8/58) 
Electrical Utilization of Aluminum Conference (3/55) 
Electron Tube Survey of Instrument Manufacturers and Laboratories (3/48) 
Electronic Converter Applications and Tubes (7/52) 
Elements of Nucleonics for Engineers (3/49) 
Fourth Biennial AIEE Conference on Electric Heating (4/59) 
High-Pressure Pipe-Type Cable Installations in the Western Hemisphere (2/59) 
Index to United States Rectifier Patents (12/54) 
Jointing, Splicing, and Terminating Copper & Aluminum Conductors (7/57) 
Lightning Reference Bibliography (4/50) ..............-e005 Ath Ce BE Sic CRVE e444 bawd HO0 Uae deeameeth deeeaereae 
Materials Handling Conference (7/58) 
Mathematics for Engineers 
1953 Aircraft Technical Conference (10/53) 
1953 AIEE Aircraft Technical Conference, Part II, Discussions (3/54) 
1959 National Telemetering Conference (5/59) 
1959 Proceedings Special Technical Conference on Nonlinear Magnetics and Magnetic Amplifiers (9/59) 
Performance and Protection of Aerial Cables (6/57) 
Power Supply for Resistance Welding Machines (4/52) 
Proceedings of the Computers in Control Systems Conference (5/58) 
Proceedings of the Eastern Joint Computer Conference (5/57) 
Proceedings of the Eastern Joint Computer Conference (7/59) 
Proceedings of the Western Joint Computer Conference (2/56) 
Proceedings of the Western Joint Computer Conference (3/59) 
Rectifiers in Industry (5/57) 
Review of Input and Output Equipment Used in Computing Systems (3/53) 
Safety in Industrial Power Distribution Systems (12/58) 
Second Report on Survey of Electric Utility Applications of Digital Computers (12/58) 
Second Symposium on Polyethylene Wire and Cable Insulation (10/58) 
Sources of Electrical Energy (1/51) 
Symposium on Electrical Properties of Semiconductors and the Transistor (1/50) 
Symposium on Higher Distribution Voltage for Metropolitan Area (9/54) 
Symposium on Research and Education (2/5) 
Symposium on the Use of Aluminum for Insulated Conductors (11/53) 
Telemetering Supervisory Systems and Associated Channels (6/59) 
Thermal Evaluation of Insulating Materials (6/54) 
The 2nd Feedback Control Systems Conference (4/54) 
Third Biennial AIEE Conference on Electric Heating (4/57) 
T113 Third National Conference on Analog and Digital Instrumentation (3/59) 
T76 Western Joint Computer Conference (3/55) : 





Also available is the following publication, issued by EJC (Engineers Joint Council) of which AIEE is a member: 
$13 Engineering Profession in Transition (1947) 


This is an order from: (Please print) 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 WEST 39TH STREET 
NEW YORK 18, N. Y. 


Address 


(0 Member (.) Nonmember ix 
Remittance of $.... is enclosed for the publication(s) checked 
(S13. [S23a, Os25. s28. (829, [829a, [s35. 
Os37. (842. os«s. Osseo, ssi, (ss3. [sse. 
OSs7d. $858, s61. (sez, pjses, ses. sev. 
Oses. (T72. oT76. os79. Osez, ses, pyres, 
Ores. Tss. s90. [Tsl. Tsz. (Ts3, pose, Zone ei 
OCOT96. [T97. (T98. Ts9. si00, (T1101, (sioz. gps 
OT10s, [T106, fT107, (si0s, (sles, Osi10, Osi, pri. ! (CONTENTS—PRINTED MATTER) 
(9T113, ()T114, (OT115, [)T116. POSTMASTER: This parcel may be opened for postal inspection if necessary. 
Type or print on return mailing label —»> Return postage guaranteed. 
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P rofessional Engineering Directory 


Professional Engineering Directory Card 1” or 2” 12 times $180.00 





ELECTRICAL TESTING 
LABORATORIES, INC. 


2 East End Avenue, New York 21, W. Y 


Electrical, Electronic, Environmental, 
Photometric and Chemical Laboratories 


Testing, Research, Inspection and Certification 











THE KULJIAN CORPORATION 


Engineers « Constructors « Consultants 
POWER PLANT SPECIALISTS 
(Steam. Hydro, Diesel) 

Utility ¢ Industrial * Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 





MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley Colorado 

















SARGENT & LUNDY 
ENGINEERS 


140 South Dearborn Street 
CHICAGO. ILLINOIS 











PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
f. Structural ¢ Civil 


resco? Nucleor © Architectural 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsylvania 








MULTI-AMP Division 
MULTI-AMP ELECTRONIC CORPORATION 


g g s © Builders 

Portable Electric Test Equipiwent 

Field and Laboratory Instruments; Load Boxes 
For low-voltage testing and calibrating of cir- 
cuit breakers, protective and over! relays, 
reclosures, watthour meters, fuse links. 

467 B Lehigh Ave. Union, N. J. 
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INTERNATIONAL 


ENGINEERING COMPANY. INC. 
Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 
— Domestic and Foreign 
74 New Montgomery 5St., 
San Francisco 5, Calif. 











MEASUREMENTS 


A McGraw-Edison Div. 
RESEARCH & MANUFACTURING 
ENGINEERS 


Specialist in the Desi and 
Development o 
Electronic Test Instruments 

Boonton, 





The J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORE 











DE LEUW, CATHER & COMPANY 
CONSULTING ENGINEERS 
Public Transit Subways 
Troffic & Parking Railroad Facilities 
Expressways Industrial Plants 
Grade Separations Municipal Works 
Urban Renewal Port Development 
150 North Wacker Drive, Chicago 6 
San Francisco Toronto Boston 





BLACK & VEATCH 


Consulting Engineers 


Electricity—Water—Sewage—Industry 
Reports. Design. Supervision of 
Construction. Investigations, Valuation 
and Rates 


1500 Meadow Lake Parkway 
Kansas City 14, Missouri 











JACKSON & -MORELAND, INC. 


Jackson & Moreland International, Inc. 
ENGINEERS and CONSULTANTS 





Design and Supervision of Construction 
«t- for -: 

Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Machine Design—Technical Publications 
BOSTON WASHINGTON NEW YORK 











HIGHLAND DESIGN INC, 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes, Etc. 


for the 
Electronics, Industrial and Allied Fields 


90 Magnolia Ave., Westbury, L.L, N.Y. 
EDgewood 3-2933 





CONSULT THIS 
DIRECTORY 
when in need of specialized 


engineering service 











PROFESSIONAL SERVICES 
Over a wide range are offered 


by these cardholders 
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WHEN WINDINGS MUST RUN HOT—GET MORE 
HP PER POUND WITH 155°C ANATHERM MAGNET WIRE 


ANATHERM-—a polyester film-coated wire enables 
you to build a smaller motor without reducing horse- 
power output—enables your customers to operate 
motors at higher temperatures without loss of horse- 
power. In fact, wherever magnetic windings must run 
hot, Anatherm offers similar advantages. 

But this is only part of the reason why Anaconda 
Anatherm has found such wide acceptance. Its greater 
thermal stability—plus excellent abrasion resistance, 
chemical stability and dielectric strength—help make 
Anatherm ideal for a wide variety of applications. 

Anatherm—the first film-coated magnet wire to 
qualify for the AIEE Class F (155°C) rating has been 
field-tested and proved. Our broad application exper- 


For you, Anatherm can mean smaller electrical equipment 


ience with Anatherm allows us to offer this wire in 
Sizes 8 to 46 in standard film thicknesses, and in a 
full range of round, square and rectangular sizes. 

For more information, see the Man from Anaconda. 
Look up “Anaconda” in your phone book—in most 
principal cities—or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. 


59260 


ASK THE MAN FROM 


ANACONDA 


ABOUT ANATHERM MAGNET WIRE 


. higher operating temperatures. See detai/s on reverse side, 








IMPORTANT FACTS FOR YOUR WORK... 


... about Anatherm 155°C 


When proper advantage is taken of Anaconda Anatherm’s higher 
155°C characteristics, electrical equipment can be improved in 
these ways: 


RAISES LIMITING OPERATING TEMPERATURES. Anatherm raises 
limiting operating temperatures to 155°C. This high heat re- 
sistance means extra protection . . . longer equipment life . . . 
wider range of applications. 


REDUCES FRAME SIZE. Anatherm gives more horsepower from 
the same space or the same horsepower from a smaller motor. 
Costs are cut for you, and your customers benefit from smaller 
over-all components. 


INCREASES HORSEPOWER RATINGS. Anatherm is the best of 
the polyesters. Its high heat resistance means higher permissible 
operating temperatures, greater horsepower rating. 


UPGRADING. Anatherm helps upgrade standard equipment. 
Gives added heat insurance through thermal stability. Particularly 
suited for overloads. 


COMPATIBILITY. With polyesters, importance must be placed 
upon a completely compatible system. Varnish manu- 
facturers have recently developed polyester varnishes which 
allow a compatible polyester magnet wire system. A number 
of varnishes other than polyester are compatible with 
Anatherm, but consultation with varnish suppliers before 
use is recommended. 


TECHNICAL PROPERTIES 


¢¢)>F 


Anatherm has unusually high abrasion-resistance. This character- 
istic allows it to be wound on both conventional and automatic 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 
Please send me a copy of your Anatherm Magnet Wire Booklet. 


NAME & TITLE 


(AIEE Class F) Magnet Wire 


winding equipment. Anatherm offers excellent flexibility and 
adherence properties. It meets NEMA snap test requirements 
and exhibits excellent adherence to the conductor. 


ECTRICAI PRO! RTIES 


Anatherm maintains its dielectric strength under prolonged 
heating at high temperatures. It consistently exceeds dielectric 
strength requirements for NEMA dielectric twist test. 


rie 


Anatherm will resist toluol, VM & P Naphtha, Ethyl Alcohol and 
5%, Sulphuric Acid. Anatherm is a polyester and exhibits the 
best characteristics of this class of chemical compound. However, 
all polyesters must be used with certain precautions where 
moisture and/or enclosed systems are concerned. Similar pre- 
cautions must be taken where chlorine-base supporting insula~ 


tions, such as neoprene and polyvinyl chloride, are present. ™ 
Polyesters should not be used in applications subject to exposure 
to concentrated alkalies. 


Anatherm is offered as a 155°C (AIEE Class F) magnet wire 
based on AIEE #57 and #510 test methods. These tests, performed 
by Anaconda engineers, show Anatherm as being capable of a 
30,000-hour life at 157°C in an unvarnished state and the same 
life at 175°C when treated with a silicone or polyester type var- 
nish. Thus Anatherm, when suitably varnished, has reserve sta- 
bility even above the 155°C 
rating at which it is being 
offered. The thermoplastic 
flow temperature for 
Anatherm, based on MIL- 
W-583A, is very high 
(250°C). Anatherm also 
shows outstanding reten- 
tion of flexibility after ag- 
ing. Wire can be heated 
168 hours at 175°C and 
then wound on three times 
its own diameter without 
cracking. Its heat-shock 
characteristics are excep- 
tionally good for a poly- 
ester wire: Anatherm will 
withstand a 1x mandrel 
wrapat 155°C forone hour. 





























Valuable Anatherm Magnet Wire Handbook— 
yours for the asking! 
Latest information... full technical data. 


TEAR OUT FOR YOUR FILE 
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MISSILE-READY CAPACITORS 
—thanks to Sprague’s PV-100A 


It has been more than three years since Sprague originated Specification PV-100-the first 
high reliability capacitor specification for missiles and other critical applications. This speci- 
fication and a later revision, PV-100A, have proved so comprehensive and so successful in 
providing ‘‘the highest order of reliability known to the capacitor industry” that their 
provisions are currently reflected in every military specification covering high reliability 
capacitors. This is a distinction shared by no other capacitor manufacturer. 


The capacitors manufactured by Sprague to PV-100 and PV-100A standards have 
amassed a record of reliability far in excess of original expectations. On high frequency 
vibration, shock, and other environmental tests, failure rate has been almost zero. On 
accelerated life tests (250 hours at 140% rated voltage, 125° C) failure rate has been less 
than .05%. This performance is virtually impossible to beat . . . now and for some years 
to come. But Sprague doesn’t stop here. The company’s research on materials, processes, 
and controls is now more intensive than ever. Sprague knows that only through continuous 
research can high reliability be made higher. 


If you’re interested in the fine points of high reliability capacitors, call your Sprague 
District Office or Representative. Or write letterhead request for Sprague’s Hyrel Bulletin 
2900A and Specification PV-100A to Technical Literature Section, Sprague Electric 
Company, 321 Marshall Street, North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 
CAPACITORS ¢ RESISTORS « MAGNETIC COMPONENTS ¢ TRANSISTORS ¢ INTERFERENCE FILTERS « PULSE NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 7 CERAMIC-BASE PRINTED NETWORKS . PACKAGED COMPONENT ASSEMBLIES 
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OPPORTUNITIES 
With A 


Growth Company 


A progressive rapidly expanding manu- 
facturer in the field of Xerography (a 
method of physical photography based on 
solid state and electrostatic phenomena) 
has outstanding opportunities for: 


Senior Project 
Physicists 


PhD or MS in solid state physics. preferably 
with experience or training in photo-conduc- 
tivity and/or single crystal electronic devices. 


Also 
THEORETICAL PHYSICIST 


With 2-3 years experience in analysis of 
semi-conductor devices — especially single 
crystal diodes and transistor devices. 
Openings exist in the field of photo-con- 
ductivity and semi-conductivity as applied to 
electro-optical devices. 
Emphasis will be on the study of the prop- 
erties of photo-conductive materials and the 
lationship of tr port mechani to de- 
vice behavior. Individual will have major 
responsibility for planning. supervising and 
carrying out experimental programs. 





Kindly send resume and salary 
requirements to: 
Fred A. Wetterings 
Industrial Relations Division 


HALOID XEROX, INC. 


P.O. Box 1540 Rochester 3, New York 











ENGINEERS 

DESIGNERS 

RELOCATE 
LOS ANGELES 


Senior Engineers 


Liberal relocation allowance will be paid for 
you and your family. Present requirements 
are for top Senior Engineers with degree and 
approximately six years electrical or mechani- 
cal engineering experience on steam power 
plants or other heavy industrial facilities. 


Designers 


Relocation allowance as above outlined will 
be allowed for designers with at least 6 years 
mechanical or electrical layout experience on 
steam power plants or other heavy industrial 
facilities. 


Industrial Notes... 


BiCC—Burndy Ltd. 
Norwalk, Conn. . . 


Formation of BICC-Burndy Ltd., 
jointly owned by Burndy Corp., Norwalk, 
Conn., and British Insulated Callendar’s 
Cables Ltd., London, England, to manu- 
facture and sell Burndy electric connectors 
in the British Commonwealth has been 
announced. To BICC’s experience and 
facilities the new company will add Burn- 
dy’s design and engineering background 
in all types of electric and electronic con- 
nectors. The full line of Burndy connec- 
tors and installation tooling, for electric 
power transmission and distribution, elec- 
trical and electronic products, and aircraft 
and missiles, will be marketed by BICC- 
Burndy throughout the British Common- 
wealth except Canada, Australia, and New 
Zealand, where other arrangements are in 
effect. 


Remington Rand 
New York, N.Y... 


Magnetic tape, with its greatly in- 
creased speed of operation, its economy, 
and its enlarged “memory” storage capac- 
ity, has been adapted to Univac solid-state 
computers, the Remington Rand Division 


of Sperry Rand Corp., $15 Fourth Ave., 
New York 10, N. Y., announced. Present 
Univac solid-state systems use only 
punched cards. The addition of magnetic 
tape, either metallic or plastic, will allow 
business, governmental, and scientific in- 
stitutions to capitalize much more fully 
on the inherent advantages of solid-state 
design. Known as the Univac Solid-State 
Magnetic Tape system, the new equip- 
ment consists of a central processor, mag- 
netic tape “Uniservos,” a tape synchron- 
izer, a card reader, a read-punch unit, and 
a high-speed printer. 


Digital Instrument Laboratories 
Los Angeles, Calif. . . 


Digital Instrument Laboratories has 
completed moving plant facilities to a 
new location at 5115 Via Corona, Los 
Angeles, Calif., to keep up with expand- 
ing business. Within the next year, the 
company expects to double its engineering 
staff. Precision oscillators, high-speed mul- 
tiplexers, and specialized digital electronic 
devices for military and commercial ap- 
plication are manufactured by the com- 
pany. 


(Continued on page 40A) 








Investigate the Widest Variety 
of Openings in Recent Years 


at the Knolls Atomic Power Laboratory 


For the first time in recent years, current openings here extend into dis- 
ciplines generally considered outside of the traditional nuclear areas. As a 
result, excellent opportunities exist today for men interested in entering 
the nuclear field for the first time, as well as for recent graduates and, of 
course, experienced nuclear engineers and scientists. If you’ve been thinking 
of exploring professional opportunities at KAPL, we suggest you make your 


initial inquiry today. 


Current Openings: 


* Powerplant & reactor instrumentation 
* Powerplant & reactor controls 

* Control drive design 

* Electronic equipment development 


* Primary & secondary systems design 
* Reactor operation 

* Heat transfer, fluid flow 

* Powerplant performance evaluation 


Send Professional Resume to: 
Grayson Arnold, 
Chief Engineer 


BECHTEL 
CORPORATION 


4620 Seville Avenue 
Vernon, California 


U. S. Citizenship Required 


Forward your resume in confidence, including salary 
requirement. Please also state your job interests. 
Address: Mr. A. J. Scipione, Dept. 27-ML. 


Knolls Alomic Power Laboriioiy é 


OPERATEO FOR AEC BY 


GENERAL @@ ELECTRIC 


Schenectady, N. Y. 


In New York City, a personal interview can 
be arranged by phoning Paul Keating, 
MUrray Hill 7-7100. 


In San Francisco, a personal interview can 
be arranged by phoning Bill Anderson, 
DOuglas 2-4032. 
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How to avoid a common cause of machine downtime 


Even well designed and engineered 
machines can turn out to be big head- 
aches. Common cause: Downtime due 
to excessive maintenance of electric 
controls. 

Electrically operated machinery is 
only as good as the controls which 
govern its operation. Minimum electri- 
cal maintenance means less machine 
downtime. 

Hint: To insure maximum operating 
efficiency for your machinery, check the 
above photograph. It shows the contact 
tips (at right) from a Clark Type “CY” 
A-C Motor Starter after one year of 
continuous service with frequently as 


many as 5,000 operations per hour. 
Compare them with the new, unused 
tips at left above. 

See for yourself that except for slight 
discoloration and minute pitting the 
used contact tips show very little evi- 
dence of wear even after one year of 
steady operation. Many more years of 
reliable, maintenance-free (and down- 
time-free) service are assured. 

Clark’s exclusive “arc quenching” 
principle, which works through the use 
of strong, multi-turn magnetic blowouts 


and double-break contacts, is the answer. 


The action of the magnetic field not 
only forces the arc to rotate, moving it 


yn He 


continually over contact surfaces, but 
tends to “quench” it at the same time 
As a result, there’s less wear on contact 
tips and a substantial reduction in 
maintenance requirements — much less 
machine downtime. 

There are many more good reasons 
why the Clark Type “CY” Starters will 
control your machines better — help 
them to put their “best foot forward” 
and keep it there. For all the facts on 
Clark “CY” Starters, as well as space- 
saving “PM” Relays and other controls 
in Clark’s “standard of quality” line con- 
tact your nearest Clark Controller sales 


office or distributor. Or, write direct. 
932 


CLARK CONTROLLER 


Everything Under Control * 1146 E. 152nd St.* Cleveland 10, Ohio 


U | IN CANADA: CANADIAN CONTROLLERS, LIMITED @ MAIN OFFICES AND PLANT, TORONTO 





New control circuit transformer |" \°* 


(Continued from page 38A) 


has a drop below rated voltage of | the ceciric avtolite Co. 
Toledo, Ohio... 


* 
only 5% at 1000% inrush current Definite steps to enter new fields have 


been taken by the Electric Autolite Co., 
Toledo 1, Ohio, which has assumed a 
new corporate name and symbol. Now 
Autolite will be spelled without the hy- 
you to specify transformer ‘ phen, and the new corporate symbol con- 
. ; , sists of a ‘our pointed star extending 
size according to your sealed eB beyond a concentric circle. The signifi- 
,  y : ~ cance of the elimination of the hyphen in 
volt amperes with few ex- : ; the name Autolite is that the new spell- 
ing better signifies the Autolite of today 
: which is much more diversified in com- 
cost and panel space will re- ; parison to the time when it was solely 
a supplier for the automotive industry. 


The extra capacity enables 


ceptions. Savings of initial 


sult because you can often 
use a smaller unit. New | Electronics Funding Corp. 


4 N York, N.Y... 
Hevi-Duty Type SZO trans- oe 


Announcement has been made of the 
formers range from .050 to i formation of Electronics Funding Corp., 
ne 90 Broad St., New York 4, N. Y. The ob- 
5 KVA. - jective of Electronics Funding Corp. is to 
supply not only necessary finance in the 
Write for Bulletin 300 early stages of a company’s development 
but to make available where required, as- 


sistance in engineering, accounting, law, 
BIP public relations, and advertising. 
A DIVISION OF —| BASIC PRODUCTS RPORATION 
ce Instrument Systems Corp. 


: HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN College Point, N. Y... 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces + Dry Type Transformers * Constant Current Regulators . 
As part of its over-all growth and 
diversification program, the corporate 
name of Waldorf Controls Corp. has been 
changed to Instrument Systems Corp. The 
firm, engaged in design, development, and 
manufacture of electronics, precision me- 
chanisms, and instrumentation systems for 
military and industrial applications, also 
announced the acquisition of all facilities 
and assets of the G. B. W. Manufacturing 
Co., a leading producer of aircraft preci- 
sion instruments and mechanical compo- 
nents. Combined facilities and personnel 
have been consolidated in a modern 
22,000-square-foot plant at 129-07 18th 
Ave., College Point, L. I., N. Y. 





CUSTOM ENGINEERED 


Aluminum Co. of America 


RECTIFICATION | **"" 


Copper wire, traditionally the sole 
We don’ * Germanium medium used to wind electromagnetic 
le raat ag ite thas grag en rc — coils, today is yielding its exclusive domi- 
ductor Power Conversion Equipment rerum nance of this major market to a new mate- 
and Systems. This intense specializa- i rial, aluminum foil or sheet strip conduc- 
tion assures you of the best rectifier ; tor. Current activities by over a dozen coil 
equipment it is possible to build—plus H ibe P manufacturers indicate that aluminum 
the flexibility of modifying designs to _ ~ strip is about to make sizable inroads into 
meet specific, exacting requirements. ; the coil field. Present indications are that 
Such valuable EXTRAS are evident : 
in every Sel-Rex Rectifier installation. 
Send for FREE “GUIDE” to Indus- 
trial Rectifier Equipment. 


aluminum-strip-wound coils are about to 
become a general market item. Currently 
in regular production, or scheduled to be 
so, are the following types of strip-wound 
coils: dry-type distribution transformers, 
Rectifier Division ee aircraft and electronic solenoids, motor 


R P vehicle alternators, clutch coils for heavy- 
Bs O ‘@) >. A | {@) duty equipment, lifting magnets, and arc 
NUTLEY 10, NEW JERSEY Representatives in Principal Cities welding equipment. 

Complete Semiconductor PowersConversion Systems for any AC to DC application (Continued on page 42A) 


— 
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FROM TRANSMITTING KILOWATTS 
TO TRANSFERRING BTU’S 


Copper and Aluminum 
electrical connectors 


Wolverine Trufin— 
the integrally finnea 
condenser tube 


Prime surface tube 
in copper and aluminum 





Rigidly quality-controlled 
tubing for transmission cables 


CALUMET @ HECLA, INC 








WOLVERINE TUBE PRODUCTS 
FOR THE ELECTRICAL INDUSTRY 


When a manufacturer of transformer oil coolers needs 
condenser tubing he can obtain exactly what he ‘re- 
quires from Wolverine Tube. Wolverine’s condenser 
tube line-up includes both prime surface tubing and 
capacity-boosting Wolverine Trufin —the integrally 
finned tube. If, on the other hand, his requirements call 
for small diameter tubing for transmission line use 
Wolverine has it, too—in a wide range of wall thick- 


nesses and alloys in both copper and aluminum. 


For the production of tubular-shaped parts for electrical 
use, Wolverine maintains complete fabrication facili- 
ties. Included are such techniques as finning, spinning, 
beading, bending, coiling, extruding, flaring, and ex- 
panding—to name but a few of the possibilities. 
Wolverine copper and aluminum tube is also widely 


WEt:Yo Mi del an ieloldidehilolaMlalioM:1(-1414l4e] aelalal-taiela 


Next time you need tubing—or technical counsel con- 
cerning tubing and its uses—remember that the finest 
in both are available at Wolverine Tube. For the com- 
plete story write for your copy of the Wolverine General 


Products Catalog. 





DIVISION OF 
CALUMET & HECLA, INC. 
17248 Southfield Road 
Alle ee ee 


Manufacturers of Quality Controlled Tubing and Extruded Alun im Shape 


Wolverine Trufin is available in Canada through the Unifin Tube Company, London, Ontario 


PLANTS IN DETROIT, MICHIGAN, AND DECATUR, ALABAMA. SALES OFFICES IN PRINCIPAL CITIES 
Export Department, 13 East 40th Street, New York 16, New York 
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' GUARDIAN 


No. 22 D.C. Guardian’s ‘‘mighty 
midget’’. Only 34" x 34" x 114" size. 
Stroke ranges from '%" to 5%" 

and lifts up to 24 ounces. 

Available D.C. voltage 

only for intermittent 

or continuous 

duty. 


—<—— 


No. 24 A.C. Midget Solenoid. 
Only 14" x 1" x 7%": Stroke ranges 
from 4%" to 5%" with lift over 19 
ounces. Available for inter- 

mittent or continuous 

dutyin anyA.C. volt- 

age up to 230 

V.A.C. 


No. 28 A.C. or D.C. MIDGET SOLENOID. 


Announcement of this new Guardian midget solenoid will be greeted 
«with eager interest by design engineers. It is most versatile. 
Has tapered plug and plunger for greater power. 
Adjustable stroke %" to 14". Lift of over 41 
ounces. Only 1 "x 1" x 13%". Available 
A.C. or D.C.; intermittent or 
continuous duty. 


Heavy Duty No. 4 D.C. A 
version of Guardian’s No. 4solenoid. 
Has added power lift up to 9 pounds 
achieved by use of tapered plug and 
plunger, and special frame. Adjust- 
able stroke 14" to 34". Available for 
continuous or intermittent duty with 
D.C. voltages up to 110 V. D.C. 


Heavy DutyNo.2A.C. orD.C. 
A new version of Guardian's well- 
known standard No. 2 solenoid hav- 
ing greater power and much longer 
life expectancy well in excess of 15 
million operations. Adjustable stroke 
lo" to 4%". Lifts more than 95 ounces. 
Available for A.C. or D.C.; inter- 
mittent or continuous duty. 


Guardian offers the most complete, flexible and versatile line of sol- 
enoids ranging from midgetstoheavy duty laminated types and for 
intermittent or continuous duty. Available with'‘Permaseal' encapulated 
coils and in D.C. units for 400 cycle operation. 


LARGE SELECTIONS of Guardian Solenoids are carried in 
stock by Franchised Electronic Parts Distributors in the U. S. and 
Canada. Write for name of nearby distributor and Bulletin SD-25. 


Write for Guardian Solenoid Bulletin SOL-8 


GUARDIAN! 


ELECTRIC 


MANUFACTURING COMPANY 


1626-P W. WALNUT STREET, 
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Industrial Notes 
(Continued from page 40A) 


Du Mont 
Clifton, N.J... 


A simplified, inexpensive method for 
applying black scale patterns on the in- 
side of the face plate of cathode-ray tubes 
is reported by the Chemical Laboratory 
of the Electronic Tube Division of Allen 
B. Du Mont Laboratories, Inc., 750 
Bloomfield Ave., Clifton, N. J. Engineer- 
ing models of tubes of this type have 
been made, and the company states that 


it is perfectly feasible to apply the process 
to production quantities of tubes for par- 
ticular applications. Illustrated is a polar 
co-ordinate scale as applied on the inside 
of the face plate of a 5-inch diameter 
Du Mont cathode-ray tube. Parallax-free 
precise readout is thus possible, and the 
black scale lines offer maximum contrast 
for viewing under low ambient light con- 
ditions. 


Harvey-Wells Electronics, Inc. 
East Natick, Mass... 


The Research and Development Divi- 
sion of Harvey-Wells Electronics, Inc., 
now occupies a new building in the East 
Natick, Mass., Industrial Park, according 
to an announcement from R. A. Mahler, 
president of the New England electronics 
firm. Located about 15 miles west of 
Boston the new facility is to contain 
research, engineering, manufacturing, and 
marketing offices of the expanding Re- 
search and Development Division, 


National Semiconductor Corp. 
Danbury, Conn... 


Manufacture of transistors by pro- 
duction personnel has started in the new 
controlled conditions plant of National 
Semiconductor Corp., Danbury, Conn. De- 
veloped for low power level amplification 
in electronic equipment for missile, air- 
craft, and industrial uses, the transistors 
now in production are the p-n-p silicon 
alloy small signal type. They meet strin- 
gent military qualifications for low noise 
amplification, low leakage, and stability 
under extreme environmental conditions. 


(Continued on page 48A) 
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ENJAY BUTYL ...tne wear russer 


FOR INSULATION AND JACKETING 





RESISTANCE TO MOISTURE — The mechanical water absorption of RESISTANCE TO HEAT — Because of superior resistance to deteriora- 
Butyl insulation in 90°C. water is only about one-sixth that of oil tion caused by heat and traveling arcs, Butyl helps make possible 
base compounds. This is an important characteristic for insulations the first low voltage busway system (600 v and below) designed 
to be used in direct burial, underground conduits, etc. specifically for aluminum conductors. 





RESISTANCE TO WEATHERING — Butyl’s inherently higher resistance RESISTANCE TO AGING — Buty! is virtually ageless. That’s why it 
to sunlight, moisture and weathering makes it the ideal material was selected to stand up to sunlight and ozone in outdoor watt-hour 
for this indoor-outdoor transformer casing. Integral molding of meters. Butyl provides dependable insulation and must resist all 
external parts provides reliable weatherproof insulation. weather conditions for 30 years. 


Enjay Butyl is the best of the vulcanizable rubbers, either natural or syn- 
thetic, from the standpoint of electrical and dielectric properties, ozone and 
corona resistance, heat and moisture resistance, and long aging. Find out 
how versatile, low cost Butyl can help improve your products. For more in- 
formation call or write your nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N.Y. 
Akron + Boston + Charlotte + Chicago « Detroit « Los Angeles + New Orleans + Tulsa 
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(L)2 NOUNCING the new 


IBM. 1620 











first solid state 
engineering computer 
in the low-price field 






Here is a new and powerful stored program, desk-size com- 
puter designed to bring more computing ability to engineering 
problems at low cost. 


Transistorized throughout, the IBM 1620 is the only solid 
state, core-storage computer in its price class. 


Easy to learn—easy to operate—easy to communicate with 
—this powerful computer relieves engineers from routine 
calculations—frees them for creative tasks. 


Data is fed into the 20,000-digit magnetic core memory of 
the 1620 via punched paper tape. Alpha-numeric output is 
printed at the console typewriter in desired format, under 
stored program control. 


This new computer with its two-address instruction format 
and variable field length, gives you up to 50% more storage 
capacity than a fixed word-length system. 


All notations of input and output are in the decimal system. 
An unlimited decimal field and internal self-checking assure 
accuracy. A powerful two-address instruction format adds to 
the 1620’s timesaving capabilities. 


Programming is simplified through the use of IBM Fortran 
—a mathematical programming system which compiles ma- 
chine instructions from algebraic and English language nota- 
tion. A library of programs for standard engineering compu- 
tations will also be part of the 1620 package. 


Call your IBM representative—ask him to show you all the 
unique features of the IBM 1620. Like all IBM data pro- 
cessing equipment, this system may be purchased or leased. 


BALANCED DATA PROCESSING 


Balanced Data Processing combines systems and services insepa- 
rably to produce performance in the best tradition of more than 
45 years of IBM experience. It means more production per data 
processing dollar for you. 











Obsoletes Toggle Handle Breakers! 





Obsoletes External 
Handle Mechanisms! 


Brings You Safe...Good Looking... 
Easy to Operate Molded Case 
Breakers 15 through 800 amps! 
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FIRST REAL CHANGE IN AB BREAKERS SINCE 1927* 


NEW Ease of Operation — 
Smooth, easier throw... 
aS no more cumbersome 
WX ‘ handle extension. 


NEW Economy— 
Eliminates excess linkage. 
Means simpler installation, 
reduced maintenance... 

as well as greater safety. 


NEW Safety—Rotary 
handle mechanism is a 
built-in part of the 
breaker. Assures positive 
indication . . . positive 
operation. 


NEW Locking Feature — 
Key-handle lock off is 
Standard...accommodates 
three padlocks as well. 


Plus a NEW Look—Breaker face styled 
by Raymond Loewy Associates 

for best appearance 

in any location. 


Write today for illustrated Bulletin #1425, 
Federal Pacific Electric Company, 

General Offices: Dept. 403, 

Newark 1, New Jersey. 


*in 1927 the first practical molded case circuit breaker 
was introduced. it established the general standard 
that was to govern circuit breaker design for the 
next 32 years. Now—through imaginative engineering, 
Federal Pacific establishes a new standard. 


FRE FEDERAL PACIFIC ELECTRIC COMPANY 


The Best in Electrical Distribution and Control Equipment 
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ENGINEERS — Electrical, Mechanical, Industrial 


WESTERN ELECTRIC 


Is Augmenting 
Its Professional Staff 


Western Electric has openings for men of superior pro- 
fessional ability. Present areas of activity that afford 
opportunity to utilize your full technological skills are: 


= NIKE ZEUS ANTI-MISSILE MISSILE SYSTEM ® MISSILE 
GUIDANCE SYSTEMS ® ASSOCIATED GROUND CONTROL 
RADAR SYSTEMS ® FIRE CONTROL RADAR ® UNDERWATER 
DEFENSE SYSTEMS ® DIGITAL COMPUTERS ® WAVEGUIDES 
AND GYROS ® HIGH PRECISION ELECTRONIC COMPONENTS 


AND SOLID STATE DEVICES 


You are invited to discuss with us how your previous 
training and experience can fit you for an important 
career position ir one of these engineering areas: 

® Development Tool Design 

® Project Product Design 

© Test Planning Standards 

@ Test Set Design Technical Publications 
® Pilot Line Manufacture Field Engineering 


Also Openings For: 


@ Technical Writers 
© Engineering Associates 


Positions are available at these Western Electric Locations: 
Winston-Salem, Greensboro and Burlington, North Carolina 
Laureldale, Pennsylvania and Whippany, New Jersey 


For a personal interview in your area or at one of the 
above locations, address your resume to: Mr.T. R. Lannon 
Engineering Employment Manager, Dept. 924B. 


sfern 


MANUFACTURING AND SUPPLY UNIT OF THE SELL SYSTEM 


Lexington Road, Winston-Salem, North Carolina 
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Industrial Notes 
(Continued from page 42A) 


Westinghouse Electric Corp. 
Staunton, Va... 


A single setting of a thermostat will 
maintain pleasant home temperatures all 
year long for families of officers and air- 
men living in the new $14 million hous- 
ing project, consisting of 800 dwelling 
units, at the Myrtle Beach Air Force Base 
in South Carolina. Each of the homes is 
cooled in the summer and heated in the 
winter by an individual heat pump which 
automatically makes the transition from 
season to season. The housing project is 
equipped with 2-ton and 3-ton units 
which were built by the Westinghouse 
Electric Corporation’s Air Conditioning 
Division, Staunton, Va. These units trans- 
fer or “pump” heat from inside air to 
the outside air in cooling the home dur- 
ing the warmer months, and automati- 
cally reverse the process by extracting 
heat from the outdoor air during the 
winter, 


National Research Corp. 
Cambridge, Mass... . 


A newly developed research facility, 
recently announced by National Research 
Corporation, 70 Memorial Dr., Cambridge 
42, Mass., will permit realistic testing of 
large satellite and space vehicle com- 
ponents and may take much of the guess- 
work out of space hardware design. ‘The 
Cambridge organization disclosed success- 
ful operation of what is believed to be 
the first large space test facility in this 
country which can reproduce the ex- 
treme vacuum encountered by satellites 
at orbit altitudes in excess of 400 miles. 
It has reached pressures as low as one 
ten-trillionth of the normal earth’s atmos- 
phere (8 by 10-° millimeters of mer- 
cury). The company operates the facility 
which includes several test chambers in 
its Cambridge plant for Government and 
industrial laboratories on both a service 
and research basis. 


Public Service Electric & Gas Co. 
Newark, N.J... 


Work on the rebuilding of its over- 
head electric distribution system as a 
safeguard against future storm damage 
has been started by Public Service Electric 
and Gas Co., 80 Park Pl., Newark I, N. J., 
in sections of certain municipalities in its 
territory. This is part of a long-range 
state-wide plan instituted by the company 
which, when completed, will greatly re- 
duce the number of electric outages 
caused by snow, sleet, and windstorms 
and also will accelerate restoration work 
should storm damage occur. These, and 
other sections of the state where overhead 
distribution rebuilding will be carried 
out, have been selected because of the 
density of trees and severity of storm 
damage experienced in the past and ex- 
pected as a future possibility. 
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CHESSMAN ...1960 


New orders of power through Amplitron transmitter application. New 
frequency areas. Ferrite mechanisms. Sophistication in receiving and 
data processing techniques. This is advance technology at Raytheon 
Heavy Electronics. 

Developments in such areas are already incorporated in these Heavy 
Electronic long range radars, ordnance and communications systems: 


AN/FPS-28 800-ton warning system for SAGE network. 
96-voice channel pulse-code-modulation equipment. 
Two-gun MEMRAD Bright Display. 

AN/SPG-51 radar for Tartar Missile fire control system. 


Each development evolved from imagination ... technical command .. . 
experience — the qualities we always seek. 


Select positions may be investigated by writing: Mr. Donald H. Sweet, 
Executive & Engineering Placement, Raytheon, 624 Y Worcester Road, 
Framingham, Mass. (suburban Boston). 


HEAVY ELECTRONIC 


GOVERNMENT EQUIPMENT DIVISION 
4 5 5 
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JHEAVY AIRBORNE SYSTEMS SANTA 


EXCELLENCE ELECTRONIC ELECTRONIC MANAGEMENT SIGNAL BARBARA 
IN ELECTRONICS r 
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Southern California and Arizona from 143 miles up, photo- 
graphed from a Navy Viking 12 rocket, fired from White Sands, N.M. 
Dark patch at lower left is the Gulf of California. 
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times 


Going up ...and out into space... this is one of the assign- 
ments of engineers in the laboratories at Hughes. 


To meet the demands of the Space Age, a wide variety of 
new projects is being initiated. Here are just a few examples: 
Space Ferry Systems —To provide the initial apparatus 
for space station assembly. 


Communications Satellites — Unique packages for space 
satellite applications. 


ALIRBM — Air launched intermediate range ballistic 


missiles. 


Global Surveillance Satellite Systems—To keep the 
world under surveillance. 


Satellite Interception Systems—To destroy hostile 
satellites. 


Meteor Communications — Scattering electromagnetic 





Newly instituted programs at Hughes have created immediate 
penings for engi 3 experienced in the following areas: 





Communications 

Circuit Design & Evaluation 
Solid State Physics 
Electroluminescence 


Nuclear Electronics 
Infrared 

Digital Computers 
Systems Design & Analysis 
Thin Films Storage Tubes 

Field Engineering Quartz Crystal Filters 


Write in confidence to Dr..R. A. Martin 
Hughes General Offices, Bldg. 6-B12, Culver City, Calif. 











Advanced Falcon guided missiles are manufactured by 
the Hughes facility in Tucson...the largest electronics facility 
in all of Arizona! 


DECEMBER 1959 


energy off meteors to establish long-range communications, 


Futuristic Instrumentation Displays — Instrumentation 
displays for satellites and hypersonic vehicles. 


Other Hughes activities are also participating in ad- 
vanced Research and Development. Engineers at Hughes 
in Fullerton are developing new types of radar antennas 
which scan by electronic rather than mechanical means. 
Hughes Engineers in El Segundo develop test equipment 
which is as advanced as the equipment being tested. At 
Hughes Products, the commercial activity of Hughes, new 
ways have been found to cast silicon into desired configura- 
tions...and storage tubes with 21” diameters have been 
developed. 


Today Hughes offers Engineers and Physicists the chance 
to work on stimulating projects in a wide variety of fields. 
Never have the opportunities been more promising! 


The West’s leader in advanced ELECTRONICS 


© 1959. HUGHES AIRCRAFT COMPANY 


HUGHES AIRCRAFT COMPANY 
Culver City, El Segundo, 

Fullerton and Los Angeles, California 
Tucson, Arizona 


Maintaining liaison with Air Force Personnel and airframe 
manufacturers, Hughes Field Engineers give instruction in 
the over-all systems operation of advanced Hughes equipment. 
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SOLID! 
Section 
of Roebel bar 
for 22,000 Volt, 
76,000 KVA 
turbogenerator 
Stator. 


The | 
outstanding 


insulation 
for 

high voltage 
coils 


NECCOBOND...solid insulation bonded 
to the copper provides longer life, 
greater strength and stability 


In NEccoOBOND, National has developed a 
complete insulation system, using mica, glass 
and a special impregnant. Its particular 
advantages for high voltage coils are: 

@ Exceptional thermal stability. 


@ Optimum mechanical and electrical 
properties. 
® High heat conductivity. 

NECCOBOND is based on time-proven insulat- 
ing materials — mica and glass. These are 
welded by a special impregnant into a tena- 
ciously bonded, resilient, voidless insulation 


wall. A unique meihod of fabrication assures 
homogeneous insulation. 

When replacing high voltage coils, investi- 
gate the long term savings with NECCOBOND. 
You'll find our advice impartial—we offer all 
types of insulation. 


For more information, call National’s 
Columbus Plant... HUdson 8-1151. Or 
call your nearby National field erigineer. 


National Electric Coil 


DIVISION OF McGRAW-EDISON COMPANY 


COLUMBUS 16, OHIO 


ELECTRICAL ENGINEERS *MANUFACTURERS OF ELECTRICAL COILS, INSULATION, LIFTING MAGNETS 
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REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 
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Winter brings the menace of ice that power utility men dread. But I-T-E switches smash out with almost 
summertime ease. Here Ned Seidler paints the dramatic moment when the icy bonds are shattered. 


SMASHES OUT OF INCH-THICK ICE TRAP 


Even under an inch-thick blanket of hard ice, I-T-E 
high voltage air switches open with ease and safety— 
the result of countless design details. 


Blades rotate completely free from the contact jaws 
before lifting begins . . . breaking out of the ice lock 
in the process. Rotating insulators turn easily on sealed, 
greaseless ball bearings. Shattered ice falls harmlessly 
aside, since there are no compression points in the 


entire switch. A child could open this switch . . . so 
little force is required. Yet the double protected, pres- 
sure-loaded hinge contacts insure high conductivity 
and high thermal capacity all the years the switch is 
in use. 

Switches are available in ratings to 1470 BIL. Tests 


prove they have the lowest radio influence level in 
the field. 


Turn page and sce how other I-T-E products can help you too 


I-T-E CIRCUIT BREAKER COMPANY 
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GET MORE FOR YOUR MONEY 


THE BROAD I-T-E LINE GIVES YOU CONSISTENTLY 


Designed and built to meet your own requirements ex- 
actly. You pay no extra for I-T-E Primary Unit Sub- 
stations, but you get custom deSigning and construction 
to meet your exact power, space and future expansion 
requirements. Standard components, skilfully selected 
from the broad I-T-E line, speed delivery and insure opti- 
mum qualitv. All parts are scheduled to arrive on time for 
early service use. Available in all standard kva ratings 
and secondary voltages up to 13.8 kv. 





New, more compact secondary unit substations. Save 

space at your generating station. Now I-T-E secondary 

unit substations need less space than ever. K-LINE circuit ’ 
breakers stack four high in ratings up to 600 amp. They 

save roughly one-third the space. In addition, you get 

these other K-LINE advantages: quick manual make; 
closed door drawout; expanded range trip. Only I-T-E 
builds these substations in a single plant to give you better- « 
coordinated engineering, manufacturing and delivery. 
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Efficient design and fast installation save you double. I-T-E 
outdoor substations have one particularly significant advan- 
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the way, from layout drawings and application of blade switch- 
ing equipment to finished and carefully identified structural 


tage over others. Structures are completely designed and fab- parts. Only I-T-E offers a background of 50 years’ unified 
ricated in a single plant. I-T-E assumes complete responsibility service. I-T-E introduced the all-aluminum utility substation 
. coordinates engineering and manufacturing every step of structure in 1947. 


‘5 


HIGHER QUALITY... COSTS NO MORE 


Safer, more compact main bus. Not a single case of 
phase-to-phase short circuit has ever been reported on 
I-T-E Isolated Phase Bus since I-T-E introduced it 22 
years ago. Such performance is proof of good design and 
consistently high-quality construction. I-T-E uses cylin- 
drical enclosures for superior heat dissipation, easier 
gasketing, lower cover losses, better shape retention with 
internal pressure, and saving in weight. Ratings from 4.16 
to 34.5 kv and through 20,000 amp. 





More of everything you want in a distribution cutout. 
Single basic design with choice of two fuse holders covers 
full range of NEMA standard ratings. Uses any standard 
NEMA fuse link. Expendable cap design provides opti- 
mum performance at low and medium fault currents, 
still maintains a large margin over rated maximum inter- 
rupting ability. Cutout converts easily from open to load- 
break type. Mechanical interlock gives lineman complete 
control of load break operation. Insulators 100% tested. 





Shuntless tilting insulator switches. Notice the absence 
of corrosion-prone flexible braid on this I-T-E tilting 
insulator switch. Instead there’s a durable current- 
carrying linkage with silver to copper contacts at each 
hinge point. Silver to copper is also used between the 
blade and jaw contacts. Pantograph is of hard-drawn 
copper that resists corrosion and gives longer life. 
Current rating can be increased with parts supplied in 
an easy-to-use conversion kit. Switch voltage ratings 
from 7.5 through 34.5 kv. 


It tells you when it’s shut. You never have to wonder 
if one of these new I-T-E hook-operated disconnecting 
switches is fully closed. It goes “snap” . . . out loud 
so you can hear it. In addition the extra-large latch 
members give you visual evidence too. Parallel blades 
are widely spaced and heavily braced for maximum 
rigidity. Roomy hook-stick eye and pryout motion in 
opening contribute to the easy operation of the switch. 
Ratings: 7.5 through 69 kv, 600 and 1200 amp; also 
made with tubular construction rated up to 161 kv, 
3000 amp. 


1-T-E Circuit Breaker Company 
1900 Hamilton St., Philadelphia 30, Pa. 


C) High voltage air switches [7] Distribution cutouts 

() Outdoor substation C) Tilting insulator switches 
structures ] Hook-operated switches 

C Primary unit substations _— Metal-clad switchgear 
(4.16 and 13.8 kv) 

() Power switching centers 


C) Molded case circuit 
(} Isolated phase bus breakers 


(_] Secondary unit sub- 
stations 


() Other 


Company ' MAKE IT A HABIT! 


Think of I-T-E whenever you buy elec- 
trical equipment. Detailed literature avail- 


City . able on every product. Send coupon now. 


l-T-E CIRCUIT BREAKER COMPANY 





ELECTRONIC-ELECTRICAL ENGINEERS 


Are you enjoying these advantages 
in your present position? 





I ge Space-age assignments. 


Boeing’s extensive systems management 
experience and its space-age orientation have 
laid the foundation for continuing growth and 
leadership. Underway at Boeing are advanced 
space-probe research projects, and lunar, 
orbital and interplanetary systems studies. 
Electronic and electrical engineers find at Boe- 
ing assignments of trermendous scope and pro- 
fessional reward in radar, infrared, antennas, 


[| Better family living. 


Boeing headquarters are located in the ever- 
green Puget Sound area, world famous for fresh 
and salt water boating, fishing, hunting, camp- 
ing, scenic forests and dramatic snow-capped 
mountains one hour away offering six-months- 
a-year skiing. Per capita boat ownership is 
America’s highest. Climate is mild the year 
round, with average minimum temperature of 
46.3°. Area is also noted for beautiful modern 


guidance and control, instrumentation, and 


homes, outstanding schools and universities, 
communication. 


cultural activities, unexcelled shopping facili- 
ties. At Boeing you work your best and play 
your best, because both career and living con- 
ditions for the whole family are ideal. 


Advanced research facilities. 


Boeing’s research, development and engineer- 
ing facilities are among the most varied, exten- 
sive and complete in the industry. If your field 
is design or development, you’ll be backed up 
by research scientists working in ion and plas- 
ma rockets and fields covering the full spec- 
trum of electronic requirements of advanced, 
integrated systems. If your prime interest is 
research, you'll be working with up-to-this- 
minute equipment. In addition, the Boeing 
Scientific Research Laboratories is staffed to 
develop new and fundamental knowledge at 
the frontiers of science. 


There is more to getting ahead in engineering and 
science than one’s own ability. Of almost equal impor- 
tance is the environment in which you work. If, in 
your mind, there is any lingering doubt that your 
present surroundings do not meet all the requirements 
for achieving your fullest professional growth, it will 
pay you to check the advantages Boeing can offer. 


Electronic-Electrical Engineers 


Write today for details of challenging, long- 
range positions available to you right now at 
Boeing. You'll find at Boeing a dynamic 
professional environment that’s conducive 
to rapid advancement and deeply re- 
warding achievement. 


Opportunity for Advancement. 


Spacecraft and advanced missile projects—in- 
cluding Minuteman solid-propellant ICBM— 
are expanding at Boeing, creating an increasing 
demand for electronic-electrical engineers cap- 
able of moving up to positions of greater 
responsibility and income. To help engineers 
get ahead faster, Boeing maintains a company- 
paid graduate study program, and conducts 
regular personal merit reviews to assure you a 
continuing opportunity for individual recogni- 
tion and advancement. Boeing also carries out 
other company programs designed especially 
to develop personnel for added responsibilities. 


Mr. Stanley M. Little, 
Boeing Airplane Company, 


P. O. Box 3822 - EEA, Seattle 24, Wash. 


Send me details of electronic-electrical positions, and the 
booklet, ‘““Environment for Dynamic Career Growth.” 


Oe io dich Oa Kke Cd > Celok ated ede eae aeaeanee 
Address 
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Back at the earth 
terminal.. 


DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 


has immediate openings 
in the following fields— 


Electrical and Electronics: 


Control System Analysis & Design 
Antenna & Radome Design 

Radar System Analysis and Design 
Instrumentation 

Equipment Installation 

Test Procedures 

Logic Design 

Power System Design 


Mechanical Engineering — 
Analysis and Design of the following: 
Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 


Aeronautical Engineering: 


Aercdynamic Design 

Advanced Aerodynamic Study 

Aerodynamic Heating 

Structural Analysis 

Strength Testing 

Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 

Design of Complex Structure 

Trajectory Analysis 

Space Mechanics 

Welding 

Metallurgy 


Physics and Mathematics: 


Experimental Thermodynamics 

General Advanced Analysis in 
all fields 

Computer Application Analysis 

Computer Programming and 
Analysis 

Mathematical Analysis 


For full information 

write to: 

Mr. C. C. LaVene 

Box 620-Q 

Douglas Aircraft Company, Inc. 
Santa Monica, Calif. 
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Trade Literature... 


Magnetic Starter Catalog... 


A colorful 16-page catalog, 14-Bl, in- 
troduces a completely redesigned line of 
magnetic starters through 15 hp, 440 to 
550 volts. Simplicity of construction and 
elimination of many parts assures long, 
trouble-free operation. Furnas Electric Co., 
1063 McKee St., Batavia, Il. 


Welding Equipment Catalog... 


All Hobart arc welding machines are 
described and illustrated in a 24-page, 2- 
color catalog that includes complete speci- 
fications and ordering information on 
gasoline and diesel-engine-driven welders, 
engine-driven welder-power combination 
units, electric-motor-driven arc welders, 
rectifier-type welders, transformer-type 
welders, combination transformer-rectifier- 
type welders, a-c and d-c inert-gas shielded 
arc welders, and a complete line of auto- 
matic and semiautomatic welding equip- 
ment. Hobart Brothers Co., EW-209, Troy, 
Ohio. 


Universal Power Control Units ... 


A line of power control units utilizing 
magnetic gating amplifiers driving silicon 
controlled rectifiers is described in Bul- 
letin No. $-1075, entitled “Universal Power 
Control Units.” Described are the five dif 
ferent control system types offered in the 
new line. The devices, designed for pro- 
portional or switching control, are used 
for both 60- and 400-cps systems, and are 
said to satisfy 95° of power control re- 
quirements. Magnetic Amplifiers, Inc., 632 
Tinton Ave., New York 55, N.Y. 


Instrumentation Recorder 
Brochure ... 


brochure on 
instrumentation 


\ 4-color the Ampex 
FR-600 recorder, which 
offers a frequency response to 250 ke in 
direct recording and to 20 kc in FM work, 
includes the many revolutionary features 
of the machine, such as air lubrication of 
the magnetic tape and removal of the 
heads from the tape except during record- 
reproduce or search modes. Full specifi- 
cations are included. Ampex Instrumenta- 
tion Advertising, 934 Charter St., Redwood 
City, Calif. 


Construction Services Brochure .. . 


\ 2-color, 16-page brochure, Bulletin 
107, illustrates and describes complete in- 
stallation through start-up service for auto- 
mation and instrumentation systems of 
Panellit Service Corp. Services include a 
contract organization furnishing installa- 
tion drawings and installation of the 
panels, field instruments, the field inter- 
connections, commissioning, operator ori- 
entation, and providing supplementary in- 
strumentation personnel where needed. 
Panellit Service Corp., division of Panellit, 
Inc., 7401 N. Hamlin Ave., Skokie, Il. 
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Aluminum Alloy 
Lighting Catalog .. . 


A 32-page 2-color catalog on the 
HAPCO line of aluminum alloy lighting 
standards contains detailed descriptions, 
specifications, dimensions, and illustrations 
on lighting standards with various bracket 
styles, flood lighting standards, lamp posts, 
and traffic poles. Advertising Department, 
Hubbard and Co., 200 8. Michigan Ave., 
Chicago 4, Til. 


Sample Grommet Card... 


A sample card holding three 1-piece, 
solid nylon Flip grommets is available free 
on request from Western Sky Industries. 
One of the grommets, hung on a key chain, 
is open, the other two, in white and color, 
are installed through holes in the card 
just as in regular installation. This pro- 
vides an excellent opportunity for study 
of the design and advantages of these new 


MESIELRAN GAY IN ODUBIHIES 


grommets. A 2-color imprint on each side 
of the heavy laminated plastic card identi- 
fies the items and lists such salient features 
as their installation with simple tools at 
room temperature, refusal to shake loose 
or pop out, strength, wear resistance with- 
out abrasion, insulative qualities, etc. 
Western Sky Industries, 21301 Cloud Way, 
Hayward, Calif. 


Measuring Instruments Catalog... 


Ihe 1959-60 Guide and Catalog of Pre- 
cision Measuring Tools and Instruments, 
consisting of 96 fully illustrated pages, con- 
tains complete detailed information on 
Scherr measuring tools and toolroom spe- 
cialties. Also illustrated is a complete line 
of Zeiss indicating micrometers and com- 
parators, Zeiss orthotest, Scherr micro- 
projector, Cycloptic stereoscopic 
scope, Scherr toolmakers’ microscope, spur 
gear tester, Parkson gear tester, Kesel circu- 
lar and linear dividing machines, profiling, 
engraving, and milling automatics, Cima 
universal gear hobber, Cornelis thread- 
generating machine, Opto tooling auto 
collimator, OMT optical rotary indexing 
table, Zeiss optical precision measuring in- 
struments. Scherr-Tumico, 200 Lafayette 
St., New York 12, N. Y. 


micro- 
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Guided tour 
of the 
solar system 


The new NASA Thor-boosted research rocket, DELTA, now being cons 
structed by Douglas, will set up big signposts for further space explorations. 
Combining elements already proved in space projects with an advanced 
radio-inertial guidance system developed by the Bell Telephone Laboratories 
of Western Electric Company, DELTA will have the versatility and accuracy 
for a wide variety of satellite, lunar and solar missions. Douglas insistence 
on reliability will be riding with these 90 foot, three-stage rockets on every 
shoot. At Douglas we are seeking qualified engineers to join us on this and 
other equally stimulating projects. Some of our requirements are listed in 
our column on the facing page. 


Maxwell Hunter, Asst. Chief Engineer—Space Systems, goes over a 
proposed lunar trajectory with Arthur E. Raymond, DO U G LAS 
Senior Engineering Vice President of 
MISSILE AND SPACE SYSTEMS Mf MILITARY AIRCRAFT If DC-8 JETLINERS IJ CARGO TRANSPORTS &@ AIRCOMB I GROUND SUPPORT EQUIPMENT 


DECEMBER 1959 Please mention ELECTRICAL ENGINEERING when writing to advertisers 59A 








YOUR CAREER! 


Does it still hold its stimulating challenge? Are all of your abilities 
being utilized? Have you gone far enough, fast enough? 

Today, Motorola’s rapid expansion in the Chicago area has 
created an immediate need for experienced engineering talent. 
Never before have secure career opportunities been more abundant, 
challenging and rewarding—in a wide selection of electronic fields. 

A picture-packed 36 page booklet is waiting for you. It details 
the work, the people, the living at Motorola. If you are sincerely 
seeking broader career opportunities and responsibilities, inves- 
tigate Motorola immediately. 


@ Radar transmitters and receivers 

@ Radar circuit design 

@ Electronic countermeasure systems 

@ Military communications equipment design 
@ Pulse circuit design 

@ IF strip design 


@ Device using kylstrom, traveling wave tube 
and backward wave oscillator 


@ Display and storage devices 
2-WAY RADIO COMMUNICATIONS 
e@ VHF & UHF receiver 


@ Transistor applications 
© Crystal engineering 
© Sales engineering 


© Design of VHF & UHF FM a 
in portable or velop 


@ Microwave field engineers 

© Transistor switching circuit design 
@ Logic circuit design 

@ T.V. circuit design engineering 

@ Home radio design 





@ New product design 

@ Auto radio design 

@ Mechanical engineering 

e@ Semi-conductor device development 
@ Semi-conductor application work 


@ Transmitter design and development 
© Power supply 

@ Systems engineering 

@ Antenna design 

© Selective signaling 


Also splendid opportunities in 


Phoenix Ariz., and Riverside, Calif. Sis) 


CORTIS 
ee ee ee ae ae 


MOTOROLA Inc. ; 


Mr. L. B. Wrenn, Engineering Personnel Mgr., Dept. A 
4501 Augusta Bivd., Chicago 51, Illinois 


Without obligation, send copy of 
“Selecting an Engineering Career with a Future" 


NAME. 





ADDRESS. 





CITY. ZONE. STATE 
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Trade Literature 
(Continued from page 58A) 


Coaxial Connector Manual... 


To simplify specifying and ordering of 
r-£ coaxia) cable connectors and expedite 
their delivery, Gremar Manufacturing Co. 
has compiled a comprehensive cross-refer- 
ence manual in the field. It is available, 
free of charge, to qualified design engi- 
neers and purchasing department person- 
nel. Each copy of the 46-page reference 
manual is registered and kept up-to-date 
by page additions and revisions sent to 
users. For a free copy of the manual, write 
on company letterhead to Dept. EE, 
Gremar Manufacturing Co., Inc., 7 North 
Wakefield Ave., Wakefield, Mass. 


Analog Computer Literature .. . 


” 


“Analog Computer CM-2,” a 2-page 
brochure describes and_ illustrates this 
solid-state computing device for mathe- 
matical calculations, especially applicable 
in the chemical, petrochemical, refining, 
and process industries. It lists all technical 
data and specifications, including special 
amplifiers and networks which are avail- 
able. Copies from Southwestern Industrial 
Electronics Co., a division of Dresser In- 
dustries, 10201 Westheimer Rd., P.O. Box 
22187, Houston 27, Texas. 


Safety Manual... 


Recognizing safety as essential to its 
employees, quality production, and effi- 
cient operation, American Viscose Corp. 
has published a detailed 24-page safety 
manual to be issued to all personnel. The 
handbook is a composite of supervisor- 
employee ideas on safety, in addition to 
established safety principles. Much of the 
data originated in the corporation’s plants, 
and realistic safety practices for accident 
prevention, especially geared to plant 
activities, are presented. Industrial Rela- 
tions Dept., American Viscose Corp., 1617 
Pennsylvania Blvd., Philadelphia 3, Pa. 


“Writing and Publishing 
Your Technical Book”... 


This comprehensive and informative 
book is available to anyone requesting a 
copy from Dodge Books, F. W. 

Corp., 119 W. 40th St., New York 18, N. Y. 


Booklet on 
Safety Lighting... 


There is evidence of need by the 
traveling public that certain sections of 
the new Interstate Highway System be 
equipped with fixed roadway lighting. 
This booklet, entitled “Guide to Nighttime 
Highway Safety” gives the facts about the 
annual toll of nighttime accidents and 
deaths, and suggests a preventive program. 
Safety Lighting Bureau, 1400 Terminal 
Tower, Cleveland 13, Ohio. 


(Continued on page 65A) 
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CREATIVE ANALYSIS PAYS OFF! 


Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new “Brew-a-cup”’ coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
AMP-lok multiple wire connectors as the solution. 





nice metals 
+ 





ADVANTAGES: AMP.-lok snap-assembly connectors . . . 


e replace bulky solder-type connectors 

e permit use of modular construction techniques 

e facilitate final assembly and in-service maintenance 
THE “PAY-OFF’: Twice the previous production volume of electrical control harnesses 
with no increase in production facilities. 


You can start your creative analysis to better wiring with a request for AMP-lok information, today. 


AT INCORPORATED 


-oapcebapbendanlen OFFICES: Cs Se agence cere a eee 


AMP products a ng assistance are available through subsidiary coms ralia « Canada » England af any 
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neer having the following qualifications: 


& Low Voltage Distribution System Design, applico- 


tion of Switchgear & Protective relays, Application ELECTRONIC COMPONENTS 

of Telemetering & Supervisory controls. RADIO-RADAR SYSTEMS 

ELECTRONIC INSTRUMENTATION 

other benefits. MICROWAVE AND PROPAGATION STUDIES 


Qualified candidates submit detailed experience resume & As a staff member you will receive a salary commensurate 
personal data to: with your background and experience plus liberal benefits 
, which include tuition-free graduate study, up to 4 weeks 
OVERSEAS EMPLOYMENT vacation, and a generous relocation allowance. 

If you are interested in the challenging opportunities that 
exist at ARF, write or call: 


Allen J. Paneral, Calumet 5-9600 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 

10 West 35th Street Chicago 16, Illinois 


Liberal salary plus bonus, living allowance, travel expenses & 


P.O. Box #1166 
Pittsburgh 30, Pa. 





ELECTRONIC ENGINEERS 


If you are seeking work on challenging analysis and de- 
velopment programs with a mature research organization, 
it will be worthwhile for you to consider the activities of the 


Oo Vv f a S$ i A S$ ARMOUR RESEARCH FOUNDATION 
As a leading independent research organization Armour 
offers engineers a professional work atmosphere plus in- 
Subsidiary of major oil company operating in Eastern teresting and diversified projects encompassing all phases 
Venezuela has career opening for an Electrical Engi- of engineering and physics. Positions are available for 
qualified personnel with a B.S. degree and at least 3 years 
experience in one or more of the following areas: 


B.S.E.E. plus minimum 3 years experience in one or COMMUNICATION SYSTEMS 
more of the following: Process Plant Design, Medium ELECTRONIC INSTRUMENTATION 

















background to Chairman, Electrical Engineer 


CLASSIFIED ADVERTISING ing, University of Bridgeport, Bridgeport, 


Connecticut. 


For help and situations wanted, $2.25 per line, min- 
imum 5 lines, maximum 30 lines. Sale and purchase STAFF IN ELECTRICAL ENGINEERING. At- 


of used machinery, etc., $3.00 per line, not avail- : oa : sos sige : 2 
able to dealers. Address orders to: Classified Section, ‘Tactive positions combining teaching (graduate 


ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th and undergraduate) and research are available. 
Street, New York 18, N. Y Appointment at any level froin assistant pro- 
When answering an advertisement, send all replies fessor up, depending on qualifications. A person 
to box number specified, c/o ELECTRICAL ENGINEER- with interests in electrical energy conversion 
ING, 6th Floor, 33 West 39th Street, New York 18, and modern electrical machines is especially 
N. Y., unless other address is given. sought, but openings in other fields are avail- 
able. Applicants must have Ph.D. or equivalent 
evidence of research potential. Write, Chairman, 
eas Division of Engineering, Brown University, 
Positions Open Providence 12, Rhode Island. 





INSTRUCTORS AND RESEARCH ENGI- PROFESSOR OR ASSOCIATE PROFESSOR of 
NEERS to work for D.Sc at University of New Electrical Engineering to teach and do research 
Mexico, Large Graduate program assures variety in the field of communications. Should have 
of available courses, Chairman, E.E. Depart-  Ph.D., teaching and research experience. Write 
ment, University of New Mexico, Albuquerque, Box 56 
New Mexico. 
GRADUATE ASSISTANTSHIPS ARE AVAIL- 
TEACHING POSITION. Excellent teaching op- ABLE at a university in the Southeast for 
portunity will be available beginning February September 1960. Assistants mav obtain the 
or September 1960. Advanced degree required. Master of Science degree in Electrical Engineer- 
Attractive full-year contract available. Salary ing in twelve months. Tuition free. Write 
range for 9 months is 5,000 to 7,000 dollars. Box 57. 
Location is in the Midwest at a medium-size 
private university. Send complete resume to gajtEs ENGINEER. Transformer division of 
Box 51. Hevi-Duty Electric Company desires a_ top- 
notch young sales engineer with experience in 
TEACHING POSITION IN ELECTRICAL oil insulated transformers (small power range). 
ENGINEERING. Teach machinery courses, some Person must be able to work out problems relat- 
graduate classes at night. Must have M.S. or ing to transformer applications. Future advance- 
Ph.D. degree. Appointment in February, Con- ment can be rapid. Home office in Milwaukee 
tact head Electrical Engineering Department, with some travel. Education BSEE, power ma- 
University of Akron, Akron 4, Ohio. jor. Starting salarv commensurate with experi- 
ence. Send detailed resume to: Hevi-Duty 
ELECTRICAL ENGINEERING FACULTY be- Electric Company, 3002 West Burleigh, Mil- 
ing expanded in rapidly growing department, Waukee, Wisconsin, UP 1-9100. 
graduating first class in 1960. Current positions 
available to rank of Associate Professor and ELECTRICAL DESIGNERS REQUIRE MEN 
to nine-months salary of 6,000, depending upon experienced in designing conduit plans, cable 
education and experience. Background empha- systems, physical layouts, wiring diagrams, light- 
sis preferably upon electronics and advanced ing systems, and other electrical features of 
circuit theorv. Opportunitv for research and hydroelectric powerplant design. Detailing and 
other industrial programs in the area. Send full checking experience primary requirement. Send 


resume to Mr. James E. Collins, Personnel 
Manager, Harza Engineering Company, 400 
West Madison Street, Chicago 6, Illinois. 


ADMINISTRATIVE ENGINEER—Must have 
background in electric or gas utility field with 
successful record in supervisory or managerial 
capacity. Administrative ability essential. An un- 
usual Opportunity for a man with Electrical 
Engineering or Mechanical Engineering degree 
to use and develop all of his capabilities. Will 
manage and be responsible for all operations in 
his district. Location—Southwest. Reply sending 
a complete resume to Box 58. 


1 TO 5 YEARS EXPERIENCE IN FIELD 
SALES, Application, Control, Control Systems 
or Development Engineering. Circuit Breaker 
Design Engineers—Experienced. Send resume to 
Personnel Director, Square D Company, EC&M 
Division, 4500 Lee Road, Cleveland 28, Ohio. 


eo 


A.LE.E. TRANSACTION wanted to buy for 
cash back volumes and sets, also other scientific 
and technical Journals—E. E. ASHLEY, 27 East 
2ist Street, New York 10, New York. 


FOR SALE: One Allis Chalmers Transformer, 8 
vears old, 1000 KVA, Class OA; also one Switch 
Gear, 5000 Volts maximum capacity, dual in- 
take lines, single outlet complete. Contact: 
Geilich Tanning Company, Taunton, Massachu- 
setts. 


FOR SALE: 3,000 Cycle MG. Set, 2KVA: 220/ 
440 Volt, 60 Cycle 3 Phase Input—Box 55. 


Positions Wanted 


PROTECTION ENGINEER 42, presently re- 
sponsible for relay system in medium size 
utility. Familiar with system operation, sub- 
stations and power plants. Desires relocation 
and challenging projects. Box 60. 
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New Westinghouse radar techniques are increasing 
the scope and accuracy of radar detection devices... 
ground, shipborne and airborne. Super-sensitive, 
long-range electronic detection equipment now in 
production will approach pin-point accuracy in 

the perception of aircraft or missiles. Over the 
horizon or in outer space, the “‘bird”’ will 

find no sanctuary from these electronic eyes. 

But, radar can never remain static . . . and today’s 
equipment will be superseded by newer, more 
accurate devices now under study by Westinghouse 
engineers. This constant striving for perfection 

has kept the name Westinghouse in the forefront 
of advanced radar development . . . and it has 
created new career opportunities for radar 
engineers at Westinghouse-Baltimore. 


Radar Development opportunities for engineers 
with either experience or interest as follows: 


Radar Receiver Development 


Includes low noise figure front ends using crystal 
mixers, travelling wave tubes, parametric 
amplifiers and multistage IF amplifiers with special 
characteristics like wide bandwidth, logarithmic 
action, ultrastability and bipolar clipping. 


Radar Modulator Development 


Includes switchgear, high voltage DC power 
supplies, pulse shaping, and driver stages, crowbar 
and protective circuitry, control and monitoring 
function, and pulse transformer switch 

tube combination. 


Radar Transmitter Development 


Includes high voltage design techniques, 
X-radiation monitoring and shielding, high power 
wave guide and RF components, transmitter 


multiplexing, high stability frequency sources, and 
travelling wave tube amplifiers. 


Other Career Opportunities: 


\ Airborne Electronic Counter-Measures 
Digital Computer Development 
Microwave Systems and Components 


Antenna Design 


Infrared Systems Development 
Solid-State Devices and Systems 
Automatic Check-Out and Fault Isolation 


Ferret Reconnaissance 


Electronics Instructors 
i Communications Circuitry 
Field Engineering 
e Technical Writing 








A. M. Johnston, Dept. 979, Westinghouse Elec- 
tric Corporation, P. O. Box 746, Baltimore 3, 


e * FOR DETAILS... and f the inf i 
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EXPLORE 
NEW AREAS 
AT IBM IN 


Now under development at IBM are new and unusual elec- 
tronic computing systems that will greatly strengthen man’s 
control of his environment. In one project, for example, 
advances in acoustics, oceanography, and information theory 
are being coordinated to yield a data system that will sentinel 
the ocean’s depths. Another group is applying a computer’s 
logic and computational capabilities to analyze, correlate, and 
identify input signals to data acquisition systems. In the late 
development stage is an extremely high-speed, large-capacity 
computing system which will automatically handle the large 
volume of detailed records and communications required by a 
nationwide sales operation. To staff such efforts, scientists, 
mathematicians, and engineers of vision are needed. 


SYS 


IBM’s rapid expansion provides many opportunities for you 
to advance—either through technical achievement or engi- 
neering administration. You may work independently or with 
a small team, and you can choose your assignments from a 
broad range of research and development areas. Specialists of 
many different backgrounds are available to assist you in your 
work. This is an excellent opportunity for a scientific or 
engineering career that combines maximum growth potential 
with job stability. 
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CAREERS ALSO AVAILABLE 
IN THESE AREAS... 


Acoustics 


Applied mathematics 
& statistics 


Applied physics 

Circuit design & development 
Component engineering 
Computer analysis 
Cryogenics 

Flight test analysis 
Human factors 

Inertial guidance 
Information retrieval 
Logical design 
Magnetics 

Microwaves 

Operations research 
Programming 

Radar circuitry 
Transistor circuit design 
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QUALIFICATIONS: B.S. or advanced degree 
in Electrical or Mechanical Engineering, Phys- 
ics or Mathematics—and proven ability to 
assume a high degree of technical responsi- 
bility in your assignments. 


TYPICAL ASSIGNMENTS 


Planning and logical design of solid state 
computers, input-output systems, and peri- 
pheral equipment. Knowledge of. digital sys- 
tems required with experience in transistor 
circuitry and switching techniques. 


Analysis of ferrite ‘“‘memory” and buffer 
systems and design of new high-speed con- 
figurations, including drive and addressing 
circuitry, for advanced solid state data proc- 
essing systems. Familiarity with digital com- 
puter systems and magnetic core ‘‘memory” 
design. 


Solutions of real-time control problems with 
digital techniques; mathematical analysis of 
navigation and fire control systems, ray trac- 
ings, and signal cross-correlations. 


Application of information theory to signal 
processing. Familiarity with signal cross- 
correlation techniques, statistical data proc- 
essing, sampled-data control theory, analog- 
digital data processing techniques, signal 
propagation, and beam formation. Naval ex- 
perience required in at least one of these 
specialties: sonar, fire control, ASW, naviga- 
tional systems, signal processing. 


Investigation of new computer applications 
and techniques, based on observation and 
analysis of customer needs; establishment of 
broad systems concepts, assisting in both 
logic and machine design. Experience re- 
quired in digital computer applications, tech- 
nical organization of a medium or large 
machine installation. 


Circuit design of advanced data processing 
systems and input-output equipment, working 
closely with logic designers. Experience re- 
quired in design of arithmetical control and 
switching circuitry to reduce logic diagrams 
to component counts for cost-estimating 
development. 


Application of transistor-diode logic to de- 
velop advanced circuitry; review of new cir- 
cuits for possible use in digital contro! sys- 
tems, defining basic techniques for improving 
performance characteristics. 


Laboratory facilities are located in Endicott, 
Poughkeepsie, Kingston, Owego, and York- 
town Heights, N. Y.; Lexington, Ky.; and San 
Jose, California. 


For details, write, outlining background and 
interests, to: 

Mr. R. E. Rodgers, Dept. 550L 

IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 
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Trade Literature 
(Continued from page 60A) 


Pocket Guide on 
Welding Wires ... 


A newly revised edition of Air Re- 
duction’s Aircomatic welding wire pocket 
guide (Form ADC 873A) has been brought 
completely up-to-date to include the latest 
information on Airco’s line of gas-shielded 
metal-arc welding wires, including data on 
the improved A675 steel wire, and the 
1666 steel, and 4556 aluminum. Air Re- 
duction Sales Co., a division of Air Re- 
duction Co., Inc., 150 E. 42nd St., New 
York 17, N. Y. 


Reprint on New 
Reproducing Techniques... 


New techniques used by the U. §, 
Navy to produce printed matter from 
punch cards and to store whole pages or 
forms on microfilm inserted in aperture 
cards are discussed in a 12-page reprint. 
Called “A Line, A Page, A Publication— 
The Navy’s New Design in Printing,” the 
article was prepared by A. N. Spence, 
director of publications, U. S. Navy. The 
reprint is heavily illustrated and takes the 
reader through all the steps from line 
composition, to page formulation, to com- 
pleted publication, and lists in detail the 
various equipment the Navy has used. The 
reprint itself was partially produced by 
this method and is representative of its 
characteristics. The Filmsort Co., division 
of Miehle-Goss-Dexter, Inc., Pearl River, 
N. Y. 


Hysteresis Synchronous 
Electric Motors Brochure . . . 


Features of a new line of extreme 
precision hysteresis synchronous electric 
motors for use in tape transports, turn- 
table drives, missile and aircraft instru- 
mentation, computer drum drives, flow 
meters, etc., are explained in a 4-page, 2- 
color illustrated brochure. The brochure 
details performance characteristics and di- 
mensions in picture and chart form as well 
as describing construction and design fea- 
tures and characteristics. Hysyn Electro- 
motive, a subsidiary of Telecomputing 
Corp., 915 North Citrus Ave., Los Angeles 
38, Calif. 


Marathon Pen Brochure .. . 


A descriptive brochure pointing up 
the unique features of Marathon long line 
and wide line ruling pens is available from 
Keuffel & Esser Co. Marathon pens offer 
a distinct advantage over ordinary ruling 
pens by drawing from 5 to 8 times more 
inches of line per filling. For example, No. 
9 width pens will rule about 45 feet of 
line in contrast to ordinary pens, which 
rule about 6 feet of same width line. Mara- 
thon ruling pens are made in six fixed 
widths. Keuffel & Esser Co., Adams and 
Third Sts., Hoboken, N. J. 
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ZENER DIODES IN A PROVEN GLASS PACKAGE 





Now you can get high-performance voltage-regulator 

diodes in the famous, hermetically-sealed Hughes glass CHARACTERISTICS: 

envelope. These diodes have an outstanding characteristic: Nominal Vattage: 2 velts te 38 volts 

sharp regulation of reverse voltage. This means that you Power Dissipation: 280 eiliwatts 

can use them —with confidence —in clipping, clampin See ene nner re eae 
‘ : ‘ : PP : 8; ping, Operating Temperature Range: —65° to 175° C. 

coupling, and compensation circuits to obtain dependable 


. sgh < ; ne Dimensions, Diode Glass Body: Maximum Length: 0.265” max. 
voltage regulation. In addition, they retain this stability, * Maximum Diameter: 0.105” max. 


together with low dynamic resistance, throughout a wide Standard types 1N702 through 1N720 avaliable for immediate delivery trom stock. 
range of operating temperatures. 











To obtain your copy of specifications covering the family of more than a dozen types of Hughes Silicon Voltage-Regulator 
Diodes, please write: Hughes Products, Semiconductor Division, Marketing Department, P.O. Box 278, Newport Beach, California, 


SEMICONDUCTOR DIVISION 


1 
Creating a new world with ELECTRONICS 


| HUGHES PRODUCTS 


fo) 1959, HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DEVICES + STORAGE TUBES AND DEVICES + MICROWAVE TUBES + VACUUM TUBES AND COMPONENTS + CRYSTAL FILTERS + MEMO-SCOPE® OSCILLOSCOPES + INDUSTRIAL CONTROL SYSTEMS 
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New York 
8 West 40th St. 


ing Societies Personne! Service, 
Service, which 


Chemical Eng s, is 


gineers, s and 
operated on a nonprofit basis. 





i. 





$14 per 


Chicago 
29 East Madison St. 


These items are listings of the eo 
nec. 
cooperates with the noa- 
tional societies of Civil, Electrical, Mechani- 
cal, Mining, Metallurgical, Petroleum, and 

i i ilable to all en- 
s, and is 
If you are 
interested in any of these listings, and are 
not registered, you may apply by letter or 
resume and mail to the office nearest your 
place of residence, with the understanding 
that should you secure a position as a re- 





for non 





ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


(Agency) 


San Francisco 
57 Post St. 


sult of these listings you will pay the 
regular employment fee of 5% of the first 
year’s salary if a non-member, or 4% if a 
member. Also, that you will agree to sign 
our placement fee agreement which will be 
mailed to you immediately, by our office, 
after receiving your application. In sending 
applications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forward- 
ing application to the employer and for re- 
turning when possible. 


This 


A weekly bulletin of engineering positions open is available at a subscription 
rate of $3.50 per quarter or $12 per annum for members, $4.50 per quarter or 
s, payable in advance. 








Men Available 


CHIEF ENGINEER. 44; 23 years’ in design, 
development, research. and heavy construction. 
17. years’ supervision. Numerous patents and 
patent applications. Licensed in three states. 
Location open. E-157. 


ELECTRICAI 
Long years’ 
engineering, 


ENGINEER, M.S.E.E., P.E., 50. 
supervisory experience in design, 
construction power generating Sta- 
tion up to 250 MVA, substations, power and 
lighting distribution systems. Complete con- 
trol systems for power stations, production and 
packaging machines. Supervision of plant engi- 
neering and maintenance departments. Location 
desired: Southern Connecticut, New York Met- 
ropolitan area. E-158. 


CONSTRUCTION SUPERINTENDENT, grad- 
uate Electrical Engineer, age 51. Fifteen and 
one-half years experience in charge of planning, 
design, construction, budget control of sugar 
refineries, irrigation canals, structures, railroad 
facilities, roads, diesel and thermal power 
plants, munitions plant, dams, airfields, pipe- 
lines, cement mills, refinery and process plants, 
combat vessels for engineering, constructors and 
government. Salary, $10,200. Prefer San Fran- 
cisco, U.S. or Foreign. S(M)-373 


INDUSTRIAL ENGINEER, graduate Electrical 
Engineer (Switzerland), age 37. Twelve vears 
experience on plant layouts, material handling, 
machinery and equipment requirements, pro- 
duction cost estimates, market research, systems 
and procedures, incentive plans on _ process 
plants, paper, aluminum, electric switchgear and 
apparatus and sisal factory. Also two years 
quality control of electric apparatus and test 
lab for electrical and steam equipment. Salary, 
$7200 a year. Prefer West Coast, or Any. S(M)- 
358 


DESIGNER, graduate Electrical Engineer, age 
57. Five vears experience supervising construc- 
tion of missiles facilities including power plants, 
water, air condition systems, communication. 
Eight years charge of design of electric trans- 
mission and distribution systems, specifications, 
purchased equipment for industrial and chemi- 
cal plants, refineries, mining properties and 
design of power system for hydroelectric plants. 
Salary, $8500, Prefer California or Any. S(M)- 
1138 


CONSTRUCTION SUPERINTENDENT, grad- 
uate Electrical Engineer, age 54. Twelve and 
one-half years superintendent of construction of 
power plants, transmission lines, distribution, 
operation, design, specifications, purchasing and 
construction, studies on industrial plants, util- 
ity, aluminum plants, for engineers-construc- 
tors. Salary, $900 per month. Any location. 
S(M)-920 
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MARKET RESEARCH OR PROGRAMMING, 
age 29. Four years operations research studies 
for marketing and product planning, military 
electronics. Six months instrumentation and 
analyses of research project. Two years opera- 
tion officer in Navy. Salary, $9500 a year. Prefer 
San Francisco. $(M)-277 


DESIGNER, degree in Engineering Physics, age 
30. Nine and one-half years experience design, 
installation, maintenance of electric and elec- 
tronic systems, distribution facilities, communi- 
cations, instruments and controls for oil refin- 
eries, nuclear plants and government: coordinate 
electrical, mechanical and structural design in 
production of diesel electric and gas turbine 
machinery for manufacturer. Salarv, $8400 a 
vear. Prefer San Francisco or Overseas. S(M)- 
1172 


SALES ENGINEER, graduate mechanical engi- 
neer, age 42, Registered Electrical Engineer in 
California. Fourteen years experience sales, test 
of motors, controls, transformers, switchgear for 
manufacturer. Two years sales manager of hy- 
draulic press brakes and shears for manufac- 
turer. Salary open. Prefer San Francisco Bay 
Area, or California. S(M)-1140 


CONSTRUCTION SUPERINTENDENT, grad- 
uate Electrical Engineer, age 55. California Civil 
Engineer License. Twenty-eight vears experience 
as superintendent and inspector in charge of 
construction, maintenance, reports on public 
works, steel mills, ship building and repair, 
oil facilities, government construction, general 
construction. Salarv, $12,000 a vear. Prefer San 
Francisco Bay Area, or Any. S(M)-1137 


SALES ENGINEER, age 45. Two and one-half 
vears plant estimator, regional sales manager for 
electric switchgear, electric motor controls. Ten 
years sales of electric power for utility. Two 
vears as estimator and sales engineer for elec- 
tric contractors. Salarv, $7200 a vear. Prefer 
San Francisco or Chicago. S(M)-1051 


SALES OR FIELD ENGINEER, graduate Elec- 
trical Engineer, age 36. Fourteen years field 
engineering, selection of equipment, layout, co- 
ordinate information among sales, engineering 
and design, customer contact on industrial gas 
cleaning and air pollution control equipment 
for manufacturer; also inspect, test. Salary open. 
Prefer West Coast or Foreign. S(M)-1713 


Positions Available 


PROJECT ENGINEER, electrical graduate, 
with at least five years’ supervisory experience 
on industrial electronic controls and equipment 
in special machinery fields. Salary, to $10,000 a 
vear. Location, New Jersey Metropolitan area. 
W8004(a). 
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ENGINEERS, mechanical and electrical gradu- 
ates, in the area of plant and facilities design, 
young, for the design of new and renovated 
buildings including heating, plumbing, process 
piping, air conditioning, ventilating, wiring, etc. 
One to five years’ similar design experience 
desired. Salary, $7000-$10,000 a year. Location, 
Massachusetts. W8012. 


SALES ENGINEER, 25-35, electrical engineer, 
for manufacturer of low voltage distribution 
equipment, for sales to electrical distributors and 
contractors. Salary, $8000-$10,000 a year. Loca- 
tion, New York, N, Y. W8023. 


DEPARTMENT MANAGER. Must have degree 
in electrical engineering or electronics, with 
M.S. or Ph.D. preferred, and at least five years’ 
experience, with a knowledge of electronic cir- 
cuitry as applied to computing machines with 
emphasis on solid state devices such as tran- 
sistors and saturable magnetic amplifiers to- 
gether with some background in the fabrication 
of electronic components. Will direct department 
engaged in design and development of test 
equipment for production testing of computer 
systems and electronic components for computer 
systems; etc. Salary, $10,000-$12,000 a year. Lo- 
cation, upstate New York. W8032. 


ENGINEERS. (a) Engineering Supervisor, de- 
gree in electrical engineering or electronics, 
with at least three years’ design experience, 
to supervise a smal group of graduate engineers 
and supporting personnel in the design and 
development of electronic test equipment for 
production testing of computer systems and 
sub-assemblies. Must have knowledge of elec- 
tronic circuitry as applied to computing ma- 
chines. Salary, $8000-$10,000 a year. (b) Manu- 
facturing © Superintendent, experienced in all 
phases of manufacturing and assembling of elec- 
tronic components, sub-assemblies and assem- 
blies for computer systems. Must be able to 
plan, direct and coordinate the activities of 
various departments, to meet production sched- 
ules. Previous experience in electronics industry 
required. Salary, $8000 a year. Location, up- 
state New York. W8033. 


PRODUCT ENGINEER, ELECTRONICS, 25- 
40, with five or more years’ experience in de- 
sign and development engineers for a manu- 
facturing organization; broad knowledge of all 
operations contributing to an _  engineering- 
manufacturing-marketing firm is desired. Ac- 
tivities will include engineering consulting, liai- 
son services, design and development of elec- 
tronic appliances; will consult with foreign 
affiliates on technical problems, provide liaison 
with company in the U.S., design and develop 
new products and aid in starting new affiliates 
on new products. Must be interested in inter- 
national activities and the development of en- 
gineering abroad. Must be willing and able to 
work with foreign nationals and willing to 
live with family in foreign locations. Foreign 
interests should include Latin America. Travel 
abroad, and in the U.S. Salary, to $11,000 a 
vear depending upon qualifications. Headquar- 
ters, New York, N. Y. W8044. 


ASSISTANT OR ASSOCIATE PROFESSORS, 
Ph.D. preferred, with backgrounds in physical 
electronics, solid state or microwaves. Duties 
will include offering graduate courses and help- 
ing to develop research facilities. Opportunities 
for curriculum experimentation. Various sources 
of additional income available. Substantial al- 
lowance for relocation. Exceptionally good re- 
tirement plan. Salaries, $5500-$8500 for nine 
months. Available February or September, 1960. 
Location, Midwest. W8045. 


SALES LIAISON ENGINEER, graduate in en- 
gineering or the physical sciences with emphasis 
on electronics, to sell company’s engineering 
and manufacturing facilities, to maintain liai- 
son with customers, to promote good customer 
relations, accumulate information for sales plan- 
ning purposes through contact with government 
agencies, trade associations and industrial or- 
ganizations. Industrial, electronic or electrical 
sales engineer who is presently selling or has 
sold to government agencies ideas and know- 
how for the solution of complex problems in- 
volving science and advanced’ enginecring. 
Salarv, $9000-$12,000 a year, plus cost of living 
adjustment. Company pays placement fee. Travel 


(Continued on page 68A) 
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within U.S. Must be U.S. citizen. Headquarters, 
New York Metropolitan area. W8046. 


INSTRUCTOR to teach electronics at a junior 
college. Salary, $7000-$8000 depending on de- 
grees and experience. Available September, 
1960. Location, New York State. W8047 


ELECTRONIC DESIGN ENGINEER in micro- 
wave components, degree in electrical engineer- 
ing or physics, with a minimum of two years’ 
in the microwave component field, including 
the design of duplexers, isolators, directional 
couplers, antennae and similar devices. Good 
design and evaluation ability is a must. Will 
do individual and close work on research and 
development on radar and navigational devices, 
instruments and solid state devices. Salary open: 
good fringe benefits. Location, New England 
W80638. 


ASSOCIATE DIRECTOR OF RESEARCH, 
Ph.D. preferred in physics, with a minimum 
of five to ten years actual research experience 
at the bench level during which time research 
competence and potential leadership were ex 
hibited; three to five years’ supervisory experi 
ence in research administrative jobs essential 
Will be responsible for initiation, establishment 
and administration of basic research program: 
in several of the following areas: Photoconduc 
tivity, magnetics, thermoelectricity, fundamentals 
and mechanisms of abrasion, surface chemistry, 
graphic arts (thermal and electrical methods of 
reproduction), theology of polymers and radia- 
tion chemistry. Company is producer and dis 
tributor of a wide variety of chemical, plastic 
and electromechanical products. Salary, to 
$30,000 a year depending on qualifications, plus 
profit sharing and stock option after one year 
Location, Midwest W8076 


ENGINEERS. (a) Project Engineer, Electronic 
graduate electrical, with emphasis on elec 
tronics. Special courses in semi-conductors help 
ful. Three to five years’ experience in product 
design, testing and manufacture, including at 
least one year in the field of transistor circuitry, 
preferably in the assembly and testing of con- 
trol devices using solid-state components. (b) 
Project Engineer, Electro-mechanical. graduate 
electrical or equivalent, with additional courses 
or experience in mechanical engineering, or 
vice versa. Three to five years’ experience in 
product design, testing and manufacture, pref 
erably of electro-magnetic or electro-mechanical 
control devices such as relays, contactors. regu 
lators, vibrators, solenoids, synchros, etc. or ot 
electrical measuring or recording instruments 
Company pays placement fees. Location, New 
ark, N. J. area W808] 


PRODUCTION TEST ENGINEER, graduate 
electrical, with three to eight years’ production 
test experience. Must be capable of svstems and 
component testing; write inspection and test 
procedures. Test equipment design, construc 
tion and maintenance, supervise test engineers 
and technicians. Capable of directing and 
trouble shooting electrical problems on pro 
duction lines. Salary, $8500-$11,000 a year. Lo 
cation, New York Metropolitan area. W8089 
SALES ENGINEER OR ASSISTANT TO SALES 
MANAGER, for inside sales werk, graduate 
electrical with experience in microwave com 
ponents, to coordinate work with customers and 
sales representatives; handle correspondence; 
prepare advertising on new products, etc. Sal 
ary, $8000-$15,000 a year depending upon ex 
perience. Location, Connecticut. W8095 


ENGINEERS. (a) 
Product 
devices, 


Electrical Project Engineer 
Development, small electro-mechanical 
including miniature relays; graduate 
with three to five years’ experience in develop 
ment of related products such as relays, con- 
trols, instruments, solenoids, regulators, switch 
gear, etc. Will handle or direct on a three-man 
team basis all development phases of new 
products. (b) Product Design Engineer, on 
small electro-mechanical devices including mini- 
ature relays; graduate mechanical or equivalent 
with a minimum of five years’ experience in 
design of related products such 2s relays, con- 
trols, instruments, solenoids, regulators, switch- 
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gear, etc. Will apply knowledge of manufactur- 
ing processes to produce practical production 
designs of new products. Salaries open, benefits 
include profit sharing, etc. Company pays place- 
ment fees; relocation assistance given. Location, 
North Jersey Shore. W8100. 


SOUND CONTROL ENGINEER, MS. in me- 
chanical or electrical engineering or physics, with 
advanced work in area of sound and vibrations 
preferred; 25-35, with experience in sound and 
vibration field. Will devise methods for sound 
and vibration control of all products, develop 
methods and instrumentation for measuring 
sound power levels and vibration and interpret 
and evaluate sound and vibration measurements. 
Salary, $8000-$10,000 a year. Location, Midwest. 
W8103 


PACKAGING ENGINEER, Engineering Degree, 
to 40; considerable experience with packaging 
lines and packaging machinery. Duties: Plan- 
ning packaging machine installations; prepare 
specifications for machine follow up of con 
struction details and specifications for con- 
tractors use in bidding and installing machinery 
and related conveyors, sheet metal work and 
other services. Must follow through with in- 
stallations to a point where the equipment is 
turned over to the production department. 
Position will also require having ability to 
propose and direct design adaptations and alter- 
ations on existing packaging equipment. Strong 
background in packaging machinery field. Must 
have ability to carry packaging project through 
completion. Must have team temperament and 
ability to work with other groups. Employer 
will pay placement fee. Salary, $10,000 a vear 
Location, Michigan. C7380 


PROJECT ENGINEER, ELECTRICAL, B.S. 
E.E., to 40; responsible for planning of elec- 
trical industrial plant installations and follow- 
up preparation of construction drawings and 
specifications for contractors use in bidding and 
installing electrical work in food process and 
packaging equipment. Follow through on in 
stallation till turned over to production depart- 
ment. Good background in electrical plant 
distribution systems, power wiring and control 
circuits. Good initiative. Employer will pay 
placement fee. Salary, about $10,000 a year. 
Location, Michigan. C7515 


DESIGN ENGINEER, CONTROL ENGINEER, 
E.E. degree. involves design and checking of 
combustion controls. interlocks, instrumenta 
tion, temperature controls and remote manual 
fuel firing. Should be free to travel. Employer 
will pay the placement fee. Salary, $7932 


$11.100 a year Location. Tennessee. C7727 


DESIGN ENGINEER. M.E. or E.E., to 45; 
three or more years’ experience in heating con 
trol or electro mechanical controls and timers 
Duties: Creative ability to work on heating 
controls, domestic furnaces special switches 
small mechanisms for manufacturer. Salary. to 
$10,000 a year. Employer will pay placement 
fee. Location, Illinois. C7669 


SENIOR APPLICATION ENGINEEK, 
ate Electrical Engineer, with 
experience in electric power 
applications of targe circuit breakers, switch 
gear, transformers, substations. Must be able 
to direct group in Sales Department preparing 
proposals and price estimates based on engi- 
neering studies and analyses of customers’ needs 
and assist field representatives in getting orders 
Salary, $8000-10,000 a year. Location, California. 
§(P)-4633-R 


gradu 
five vears or more 
industry involving 


SALES ENGINEER, age open. Experienced 
selling to industrial contractors and 0.e.m. users 
of industrial architectural equipment. For elec- 
trical constructor and motor repair shop. Salary 
plus commission and expenses. Car required. 
Location, San Francisco Bay Area. S8(P)-4779-R 


SENIOR INDUSTRIAL ENGINEER, graduate 
Electrical Engineer or Mechanical Engineer, ex- 
perienced on industrial work, human engineer- 
ing, work measurements, methods. To develop 
new improved system, new concepts and design 
equipment for postal service. Work closely with 
postal employees, coordination. (Not time 
study.) Salary, $8400-12,000 a year; for manu- 
facturer. Location, San Francisco Peninsula. 
S(P)-4773-R 
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ELECTRONIC TECHNICIAN, electronic back- 
ground, under 35. on in test lab type 
work preferably, possibly ex-military personnel 
with some maintenance and application experi- 
ence. Knowledge of schematic, wiring, diagrams, 
for research, senders, close circuit TV controls; 
to assist in development of marketable electronic 
gear. $6000-6600 a year. Location, San Fran- 
cisco. S(P)-4772 


DESIGNER, DEVELOPMENT, graduate Elec- 
trical Engineer with tronics major. Well quali- 
fied to deal with design, development, circuitry 
and production of marketable electronic equip- 
ment. For controls, receivers, transmitters, close 
circuits and other application. For manufac- 
turer. About $8400 a year. Location, San Fran- 
cisco. §(P)-4771 


FIELD OFFICE ENGINEER, graduate Elec- 
trical Engineer, under 35. Weill experienced 
(six to eight years) in office, field layout, assist 
in supervision, for contractor on light, medium 
and heavy electrical installations. Able to figure 
load, distribution, balance. Knowledge of gen- 
erators, motors, illumination, computers, pumps, 
shovels, etc., clectrically driven. For electric 
department of general contractor. $6000 for 
recent grad; $9600 a year for more experience. 
Location, San Francisco. §(P)-4770 


ESTIMATOR, electrical engineering _ back- 
ground, about 35. Solid background in electrical 
estimating for contractors, bid purposes includ- 
ing take-off, extension, pricing, bidding for 
whole job or partly subs, on wide variety of 
applications. Must understand specifications, read 
blueprints, know code and safety regulations. 
For general contractor. Salary, $72000-9000 a 
year. Location, San Francisco. S(P)-4769 


MISSILE TEST ENGINEER, graduate Electri- 
cal Engineer, accredited school, to 40. For job 
in quality control division of missiles engine 
manufacturer. Will be concerned with electro- 
mechanical, electronics, recording, instrumenta- 
tion used in test areas; check calibration, 
schematic drawings, wire diagrams, specifications 
and test procedures to assure reliability and 
advise quality control and testing personnel. 
U.S. citizen. Salary, to $8400 a year. Location, 
Northern California. $(P)-4763 


PROJECT AND SENIOR CIRCUIT ENGI- 
NEER: graduate Electric Engineer, age open. 
Minimum four to six years experience designing 
practical circuitry for telephone carrier equip- 
ment, transistor circuitry for switching for con- 
trol; at least two years transistor experience. 
Will develop equipment for commercial accept- 
ability. For manufacturer. Salary commensurate 
with experience. Location, San Francisco. S(P)- 


4757 


SENIOR DESIGNER, graduate Electrical Engi 
neer, age open. Two to ten years, preferably 
electronics, design experience in radar data 
process on traffic control, counter measures, 
computers, microwave, travel wave. For elec 
trical manufacturer. Salary, $7500-15,000. Loca- 
tion, Los Angeles. S(P)-4756 


STAFF SCIENTIST, graduate Electronics Engi 
neer, age open. Minimum five years experience 
in equipment development, knowledge of micro 
wave components and antennas, transmitters, 
modulators, radar or computers. Will evaluate 
and advise director on desirability of bid pro 
posals and participate in proposal preparation 
Act in design consulting capacity for research 
and development. Salary, $11,000-18,000 a year, 
for manufacturer of electric systems and air 
craft systems. Location, Los Angeles. S(P)-4755 


SENIOR CIRCUIT DESIGNERS, electrical en- 
gineering background, age open. Minimum four 
years experience on design, board work and 
detailing of electric circuitry for oil refinery 
or chemical plants. For engineer-builder. $6300- 
8160 a year. Location, Los Angeles. S(P)-4753 


PLANT ENGINEER, electrical or mechanical 
engineering background, any age. Recent plant 
engineering experience desired including varied 
experience with electrical, mechanical heat 
transfer. Knowledge of boilers, compressors, 
girders, homes, electrolytic plating. For large 
production and job shop operation. Must be 
able to work with consultant and direct me- 
chanics. For plating plant. About $8400 a year. 
Location, San Francisco East Bay. S(P)-4745 
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Invitation to 
EMPLOYERS & EMPLOYEES! 


We cordially invite you to visit our 
Booth No. 42, December 26-31, at the 
1959 Exposition of Science and Indus- 
try, AAAS Meeting, Chicago, Illinois. 
Employers are invited to submit posi- 
tion specifications; employees, invited 
to register. 


ELECTRICAL ENGINEERS 


Challenging positions open for high caliber 
Electrical Engineers with some experience to work 


in interesting research and development pro- 
National . 


Scientific 
Personnel 


rams in instrumentation and circuitry. 
Confidential handling. Salaries $6000 g ry 


to $60,000. Personalized service. Dr. 
A. H. Hammond, Chairman, Liaison 
Committee, Box 2707, Wash. 13, D.C. 


Bureay, Inc. 


We offer you an opportunity to do non-routine 
research and use your initiative and creative 


ability. 














APPLICATION ENGINEER 


Young EE with experience in application of power switch- Excellent employee benefits, including liberal 
ing equipment wanted by marketing division of multi- . d at 
plant manufacturer. This is an office job covering analysis vacation policy and tuition-free graduate study. 


of customer requirements, equipment, proposals and co- Please send resume to: 
ordination of sales service, engineering, and manufacturing 
activities. Stimulating work offering excellent opportunity 
for recognition and advancement. Job located in midwest. E. P. Bloch 


Outstanding employee benefits include annual bonus, 


profit sharing retirement program, major medical insur- 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th Street 

| 


ance plan. Replies confidential, Send resume of age, edu- 
cation, experience to Box 54, ELECTRICAL ENGI- 


hi 16, Hlinois 
NEERING, 33 West 39th St., New York 18, N.Y, catenge: 76, 


satiaieihacttitad 
meee — —— 
11 | ELECTRICAL ENGINEER 


Recent graduate. Leadership and management potential man- 
datory. Broad interests, ingenuity and versatility necessary. 

















Electrical Engineers with 1 to 15 years experi- 
ence in Application, Control, Control Systems 


We are a growing international electrical appliance manu- 
facturing company with more problems than our present 
staff can handle. Assignments range from basic research to 
manufacturing consultation in small motors, appliances and 
electro-mechanical devices. 


or Development Engineering. Location: Cleve- 
land, Ohio Division 


Circuit Breaker Design Engineers—Experienced. Splendid laboratory facilities plus the assistance of a 120- 


man diversified engineering team. Exceptionally fine urban 
or suburban living. Extra bonuses for creativity. Excellent 
retirement and supplementary benefit plans with a secure 
future. 


Send resume to Personnel Director, Square D 
Company, EC&M Division, 4500 Lee Road, 


Cleveland 28, Ohio. Py 
Send your resume to Box 59, Electrical Engineering, 33 West 
39th Street, New York, N. Y. 























SALES ENGINEER, degree in electrical engi- 
neering or physics, age 25-45. Must have good 
knowledge of nucleonics and at least one year 
technical sales. To act as sales and application 
engineer for nuclear test instruments, nuclear 
monitoring systems and digital data handling 


instrumentation. Salary 
U.S. Citizen. 
S(P)-4737b 


maintenance of 
commensurate. 
Location, San 


test 
For manufacturer. 
Francisco Peninsula. 


ing drawings and plans for electric light and 
power, including interior building and detail- 
ing. Must have knowledge of local and national 
electrical codes and be qualified to handle most 


SALES ENGINEER, graduate Electrical Engi- of job by himself. For consultant. $7200-8400. 


systems. Salary, $9000-10,000 plus profit sharing 
bonuses and benefits. Employer pays placement 
fee. Location, San Francisco Bay Area. S(P)- 
4738-R 


PRODUCTION ENGINEER, graduate Electri- 
cal or Mechanical Engineer. Experienced con- 
ceiving and designing production tooling, 
young. To develop methods, fixtures, procedures 
on small high precision electromechanical equip- 
ment. Salary commensurate. U.S. Citizen. Loca- 
tion, San Francisco Peninsula. S(P)-4737a 


ELECTRONICS ENGINEER, graduate Electri- 


cal Engineer, minimum three years experience 
in test lab or field testing. Supervise use and 
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neer or equivalent, young. Two to five years 
experience with fundamental knowledge of 
electric circuit and devices desirably with air- 
borne electronics. Salary commensurate. U.S. 
citizen, Location, San Francisco East Bay S(P)- 
4736a 


ENGINEERS AND SCIENTISTS-ARMAMENT 
CONTROLS, BS-PhD, for electrical and me- 
chanical design and development, production 
planning, servicing and testing of military arm- 
ament controls. $480-1300 per month. Employer 
pays placement fee. U.S. Citizens. Location, 
Maryland. S(P)-4735-R 


DESIGN DRAFTSMAN, Electrical Engineer 
preferred, experienced in preparation of work- 
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Location, San Francisco. $(P)-4726 


OFFICE ENGINEER, graduate Electrical or 
Mechanical engineer from recognized school, 
with California Registration as Professional En- 
gineer. Minimum three years experience com- 
bining electrical and mechanical engineering. 
Must be qualified by recent experience to act 
with minimum of supervision in reviewing 
plans, making preliminary and finished designs, 
writing specifications for industrial type build- 
ings, water supply and services, heating and 
ventilating and air conditioning. For municipal 
division. U.S. Citizen. Salary, $7292-6228. Loca- 
tion, San Francisco East Bay. SG-4725 
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Measures 


test-currents 
in 
23 ranges 
from 


10 to 2000 amps 


For precision measuring of test- 
currents — rapidly, conveniently, 
eccurately, over a wide ronge— 
Ne con rely upon the Knopp 

niload Current-Transformer Test- 
ing Equipment. 

While used primarily for test- 
ing instrument current transform- 
ers, with S5-amp secondaries, it of- 
fers great convenience and safety 
in all gg em where test- 
loading is involved and where 
accurate measurement of the cur- 
rent over a wide range is needed. 

The 23 test ranges care rated 
from 10 to 2000 amps at con- 
tinuous du and 2 to 4000 
emps (200 ») on intermittent 

uty. The tendord is 
@ built-in Knopp Precision Multi- 
range Current Transformer. 

AL-1 can be used 
with any current-transformer test 
set or error-measuring system. 
When used with the Knopp Com- 
ene no auxiliary yee 
s ded and ’ ot its 


KNOPP 


Uniload Current- 
Transformer Test- 
ing Equipment, 
Type AL-1 


optimum, Its use can be extended 
to relay testing; heat runs on 
switches, connectors, cables, etc.; 
setting trip coils; studies on —_ 
@-c magnetic fields; and 
measuring lood power as well as 
test current. 


Write now for full details. 


KNOPP INc. 


Dept. A-15, 1307 66th St., Oakland 8, Calif. 
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42 ft. boring mill-rough cuts a stay ring for one 
of the world’s most powerful hydraulic turbines, 


Newport News builds six king-size turbines 
for Niagara Power Project 


These skilled Newport News machinists are milling 
a stay ring for one of six 200,000 hp. Francis-type 
hydraulic turbines. Before they’re finished, they’ll 
turn out five more turbines—the world’s most 
powerful—for the Lewiston Power Plant of the 
Niagara Project. 

Newport News has not only the men, but the 
facilities to take a job like this in its stride... 
your job, too. For example, the 42 ft. boring 


Engineers .. . Desirable positions available at 
Newport News for Designers and Engineers in 
many categories. Address inquiries to Employ- 
ment Manager. 
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mill pictured above was designed and built at 
Newport News. 

The large engineering and technical staffs, acres 
of iron, brass and steel foundries, five huge machine 
shops, and additional specialized equipment make 
Newport News a leader in the production of 
hydraulic turbines, valves, gates, penstocks, and 
other water power equipment you need. 

Consult Newport News engineers on preliminary 
design recommendations at no obligation. 


Shipbuilding and Dry Dock Company 


Newport News, Virginia 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CoNTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


THREE LITTLE WORDS=logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are CON- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


reactor which 


snap action going from “off” to “on” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thryratron. They han- 
dle single loads up to 800VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


ae ae 
Reliability begins with CON TROT. 


A DIVISION OF MAGNETICS. INC 
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DEPT. EN-77, BUTLER, PENNSYLVANIA 
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No More Sliding Balances 


The Orthonull* mechanism is an exclusive feature of G-R’s new Impedance Bridge. Orthonull eliminates the 
annoying “‘sliding balance’’ that is common when measuring components having high losses with bridges that operate 
in the conventional nonorthogonal coordinate system. Basically, Orthonull makes the normally interdependent 
C, R, or L, and D (or Q) adjustments independent by making use of a unique unilateral ganging mechanism. With 
Orthonull engaged, adjustment of the CRL dial adjusts the DQ dial as well, cancelling electrical interdependence. 
Once the bridge is “locked on’’, convergence of the two adjustments becomes rapid, adjustment procedure is greatly 

simplified, and the danger of balancing to a false null is eliminated. 


bk og Type 1650-A 
LACK OF re "= Impedance Bridge . . . $440. 


RESOLUTION \ 


OTHER FEATURES YOU GET 
IN THIS BRIDGE: 
Wide Ranges — R: 0.001 2to 10 Ma 
L: 1 wh to 1000 h 
[i puf to 1000 pf 
D: 0.001 to 50 at 1 ke 
Q: 0.02 to 1000 at 1 ke 


Accuracy — 1% for R, L, and C 
5% for DandQ 
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Ready to Use — battery operated with built 
in transistorized null detector and |-kc gen- 
erator. Frequency range of bridge is 20c to 
20 ke with external generator. 


TOTAL 


Unique Carrying Case allows panel to be 
tilted to any convenient angle. . . closes for 
complete protection. 


Plot shows the number of adjustments necessary to Write for Complete Information 
balance the bridge within 1% for a given Q with and *Patent No. 2,872,639 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 


i . Ook Park Abington Silver Spring Los Altos Los Angeles Toronto 
Megeheld, Witney 33140 Vas 80000 HAncock 4-7419 JUniper 5-1088 WHitecliff 8-8233  HOllywood 9-6201 CHerry 6-2171 
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PERFECTLY 


“LINED UP” 
FOR 


POW 


Two new developmental RCA Ceramic-Metal Beam Power Tubes have grids fabricated by unique method that insures per- 


fect grid alignment for maximum tube operating efficiency, makes possible a grid assembly with high mechanical strength. 


Newest products of RCA’s continuing re- 
search in ceramic-metal tubes are two 
developmental, compact, forced-air-cooled 
beam-power-tube types that utilize a con- 
trol-grid-and-screen-grid assembly featur- 
ing precision grid line-up and exceptional 
structural rigidity. These features are 
achieved by taking two concentric metal 
“thimbles”, brazing them rigidly to a cer- 
amic center pin, and “broaching” them si- 
multaneously into grids by the electrical- 
discharge technique. Result: Absolutely 
accurate line-up between the wires of the 
two grids, no welds on the grids, true one- 
piece grid structures, and a stress-free as- 
sembly having high mechanical strength. 
The benefits are apparent: Accuracy of 
alignment minimizes screen current, and 
the one-piece grids of special precipitation- 


hardened copper alloy for greater rigidity 
provide high electrical and thermal con- 
ductivity. 

The axial ceramic pin rigidly holds the 
two grids and the cathode in fixed posi- 
tions with respect to each other, and thus 
makes the assembly resistant to shock and 
vibration. 


Data for these two types are shown in 
the adjacent chart. Both types are environ- 
mentalized and have forced-air-cooled 
radiators. Developmental versions of these 
types without radiators are available for 
use with other cooling methods. 


For further information about these and 
other RCA Ceramic-Metal Power Tubes, 
contact the RCA Field Representative at 
our Office nearest you. 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


RADIO CORPORATION OF AMERICA 


Electron Tube Division 


Harrison, N. J. 





Max. | Max. 
Dev. Max. | Plate | Pilate 
Types | Operation | Plate | Input | Dissi- 
| Volts | Watts | pation at at at 
| Watts) 400 hate | 1215 MC | 400 MC 


Useful CW Power 


Output—Watts fewer Gain 











A272] CW or AM| 2500 | 1250 














600 | 760 | 480 20 
| 








Max. DC Plate | Useful 
Amperes During | Max. | Power Output 
Pulse with 104s) Plate at Peak 
duration and | Dissi-| of Pulse— 
duty factor | pation; Watts at 
of 0.01 =| Watts} 1215 MC 


Operation 











A-2585-A Screen and P 9 600 40000 
Pilate Pulsed 30000 


Screen Pulsed 9 600 15000 























*Peak positive 


GOVERNMENT SALES 

HARRISON, N, J., 415 S. 5th Street, HUmboldt 5-3900 
DAYTON 2, OHIO 
224 N. Wilkinson St., BAldwin 6-2366 
WASHINGTON 6, D.C. 
1625 *'K*' St., N.W., District 7-1260 

INDUSTRIAL PRODUCTS SALES, 
DETROIT 2, MICHIGAN 
714 New Center Building, TRinity 5-5600 
NEWARK 2, N. J., 744 Broad St., HUmboldt 5-3900 
CHICAGO 54, ILLINOIS 
Suite 1154, Merchandise Mart Plaza, WHitehal! 4-290C 
LOS ANGELES 22, CALIF, 
6355 E. Washington Bivd., RAymond 3-8361 
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